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BY-LAWS, 


AMERICAN CONCRETE INSTITUTE, 
ARTICLE I. 
MEMBERS, 


Section 1. Any person engaged in the construction or maintenance 
of work in which cement is used, or qualified by business relations or prac- 
tical experience to co-operate in the purposes of the Institute, or engaged 
in the manufacture or sale of machinery or supplies for cement users, or a 
man who has attained eminence in the field of engineering, architecture or 
applied science, is eligible for membership. 

Sec. 2. A firm or company shall be treated as a single member. 
Sec. 3. Any member contributing annually twenty or more dollars 
in addition to the regular dues shall be designated and listed as a Con- 
tributing Member, 

Src, 4. Application for membership shall be made to the Secretary 
on a form prescribed by the Board of Direction. The Secretary shall sub- 
mit monthly or oftener, if necessary, to eech member of the Board of 
Direction for letter ballot a list of all applicants for membership on hand 
at the time with a statement of the qualifications, and a two-thirds ma- 
jority of the members of the Board shall be necessary to an election, 

Applicants for membership shall be qualified upon notification of elec- 
tion by the Secretary by the payment of the annual dues, and unless these 
dues are paid within 60 days thereafter the election shall become void, An 
extract of the By-Laws relating to dues shall accompany the notice of 
election, 

Sec. 5. Resignations from membership must be presented in writing 
to the Secretary on or before the close of the fiscal year and shall be 
acceptable provided the dues are paid for that year, 


Articie II, 
OFFICERS, 


Section 1. The officers shall be the President, two Vice-Presidents, 
six Directors (one from each geographical district), the Secretary and the 
Treasurer, who, with the five latest living Past-Presidents, who continue 
to be members, shall constitute the Board of Direction, 

Sec. 2. The Board of Direction shall, from time to time, divide the 


territory occupied by the membership into six geographical districts, to be 
designated by numbers, 
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12 By-Laws. 


Sec. 3. There shall be a Committee of five members on Nomination 
of Officers, elected by letter ballot of the members of the Institute, which 
is to be canvassed by the Board of Direction on or before September 1 of 
each year. 

The Committee on Nomination of Officers shall elect by letter ballot 
of its members, candidates for the various offices to become vacant at the 
next Annual Convention and report the result to the Board of Direction 
who shall transmit the same to the members of the Institute at least 60 
days prior to the Annual Convention. Upon petition signed by at least 
ten members, additional nominations may be made within 20 days there- 
after. The consent of all candidates must be obtained before nomination. 
The complete list of candidates thus nominated shall be submitted 30 days 
before the Annual Convention to the members of the Institute for letter 
ballot, to be canvassed at 12 o’clock noon on the second day of the Con- 
vention and the result shall be announced the next day at a business 
session. 


Sec. 4. The terms of office of the President, Secretary and Treasurer 
shall be one year; of the Vice-President and the Directors, two years. 
Provided, however, that at the first election after the adoption of this 
By-Law, a President, one Vice-President, three Directors and a Treasurer 
shall be elected to serve for one year only, and one Vice-President and 
three Directors for two years; provided, also, that after the first election 
a President, one Vice-President, three Directors and a Treasurer shall be 
elected annually. 

The term of each officer shall begin at the close of the Annual Con- 
vention at which such officer is elected, and shall continue for the period 
above named or until a successor is duly elected. 

A vacancy in the office of President shall be filled by the senior Vice- 
President. A vacancy in the office of Vice-President shall be filled by the 
senior Director. 

Seniority between persons holding similar offices shall be determined 
by priority of election to the office, and when these dates are the same, 
by priority of admission to membership; and when the latter dates are 
identical, the selection shall be made by lot. In case of the disability or 
neglect in the performance of his duty of any officer of the Institute, the 
Board of Direction shall have power to declare the office vacant. Vacancies 
in any office for the unexpired term shall be filled by the Board of Direc- 
tion, except as provided above. 


Sec. 5. The Board of Direction shall have general supervision of the 
affairs of the Institute and at the first meeting following its election, 
appoint a Secretary and from its own members a Finance Committee of 
three; it shall create such special committees as may be deemed desirable 
for the purpose of preparing recommended practice and standards concern- 
ing the proper use of cement for consideration by the Institute, and shal] 
appoint a chairman for each committee. Four or more additional members 
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on each special committee shall be appointed by the President, in con- 
sultation with the Chairman. 

Sec. 6. It shall be the duty of the Finance Committee to prepare the 
annual budget and to pass on proposed expenditures before their submis- 
sion to the Board of Direction. The accounts of the Secretary and Treas- 
urer shall be audited annually. 

Sec. 7. The Board of Direction shall appoint a Committee on Resolu- 
tions, to be announced by the President on the first regular session of the 
annual convention. 

Sec. 8. There shall be an Executive Committee of the Board of 
Direction, consisting of the President, the Secretary, the Treasurer and 
two of its members, appointed by the Board of Direction. 

Sec. 9. The Executive Committee shall manage the affairs of the 
Institute during the interim between the meetings of the Board of 
Direction. 

Seo. 10. The President shall perform the usual duties of the office. 
He shall preside at the Annual Convention, at the meetings of the Board 
of Direction and the Executive Committee, and shall be ex-officio member 
of all committees. 

The Vice-Presidents in order of seniority shall discharge the duties 
of the President in his absence. 

Sec. 11. The Secretary shall be the general business agent of the 
Institute, shall perform such duties and furnish such bond as may be 
determined by the Board of Direction. 

Seo. 12. The Treasurer shall be the custodian of the funds of the 
Institute, shall disburse the same in the manner prescribed and shall 
furnish bond in such sum as the Board of Direction may determine. 

Sec. 13. The Secretary shall receive such salary as may be fixed by 
the Board of Direction. 


ARTICLE III. 
MEETINGS. 


Secrion 1. The Institute shall meet annually. The time and place 
shall be fixed by the Board of Direction and notice of this action shall be 
mailed to all members at least thirty days previous to the date of 
Convention. 

Sec. 2. The Board of Direction shall meet during the Convention at 
which it is elected, effect organization and transact such business as may 
be necessary. 

Sec. 3. The Board of Direction shall meet at least twice each year. 
The time and place to be fixed by the Executive Committee. 

Sec. 4. A majority of the members shall constitute a quorum for 
meetings of the Board of Direction and of the Executive Committee. 


es 
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ARTICLE IV, 
DUES. 

Section 1. The fiscal year shall commence July Ist. 

Sec. 2. The annual dues shall be ten dollars ($10.00) payable annu- 
ally in advance from first of the month following notification of the appli- 
cant of his election by the Board of Direction. 

Sec. 3. Each member shall be entitled to receive one copy of one 
volume of the Proceedings for each membership year and additional 
volumes at a price fixed by the Board of Direction. 

Sec. 4. A member whose dues remain unpaid for a period of three 
months shall forfeit the privilege of membership and shall be officially 
notified to this effect by the Secretary, and if these dues are not paid 
within thirty days thereafter his name shall be stricken from the list of 
members. Members may be reinstated upon payment of all indebtedness 
against them upon the books of the Institute. 


ARTICLE V. 
STANDARDS. 


SeEcTION 1. Proposed new or revised Standard Specifications, Stand- 
ard Practice and Standard Definitions, when approved by a majority voting 
in the committee in which they originate, shall be submitted in the form 
adopted in the Standard Form of Standards to the secretary of the Insti- 
tute 60 days prior to the opening of the annual convention at which they 
are to be presented. The secretary of the Institute shall cause these pro- 
posed new standards or revised standards to be printed as Proposed 
Tentative Standards and mailed to the full membership of the Institute 
thirty days prior to the opening of the convention. As there amended and 
approved, they shall be published in the Annual Proceedings, next issued 
as Tentative Standards. At a subsequent annual convention they may 
again be offered unamended, by their originating committees as proposed 
standards, and as there approved by a majority of those voting, they shall 
be submitted to letter ballot of the Institute membership, to be canvassed 
within ninety days thereafter. Such proposed standards shall be con 
sidered adopted unless at least 10 per cent of those voting shall vote in 
the negative. 

Article VI. 


AMENDMENT. 


Secrion 1. Amendments to these By-Laws, signed by at least fifteen 
members, must be presented in writing to the Board of Direction ninety 
days before the Annual Convention and shall be printed in the notice of 
the Annual Convention. These amendments may be discussed and amended 
at the Annual Convention and passed to letter ballot by a two-thirds vote 
of those present. Two-thirds of the votes cast by letter ballot shall be 
necessary for their adoption. 








SUMMARY OF PROCEEDINGS OF THE TWENTY-SECOND 
ANNUAL CONVENTION. 
Sherman Hotel, Chicago, Il. 
First Session, TUESDAY, FeRRUARY 23, 1926, 2 P. M. 


The convention was called to order by A. E. Lindau, president of the 
American Concrete Institute, who read a paper entitled 


“The Trend of Institute Work.” 


The following papers were read and discussed: 
“Correlated Considerations in the Design and Construction of Con- 
crete Bridges,” by A. Burton Cohen. 


“Formulas for the Design of Rectangular Floor Slabs and the Sup- 
porting Girders,” by Harold M. Westergaard. 


“Better Railway Track Support,” by Frank H. Alfred (read in the 


author’s absence by Mr. Grandy). 


The last paper was followed by a discussion on “The Railroads and 


Concrete.” 


SECOND SESSION, TUESDAY, FEBRUARY 23, 1926, 8 P. M. 
A. E. Lindau in the chair. 
The following papers were read and discussed: 


“Earthquakeproof Construction,” by H. M. Hadley. 
“Earthquakes and Their Effect on Buildings,” by Arthur L. Day. 


The rest of the session was devoted to considerations of the “Question 


Box.” 


THrrp SESSION, WEDNESDAY, FEBRUARY 24, 1926, 9.30 A. M. 
Past-president W. K. Hatt in the chair. 
The following papers were read and discussed; 


“The Wilson Dam—How It Was Built,” by Maj. M. C. Tyler. 


“Controlling Quality of Concrete on the Wilson Dam,” by John W. 


Hall. 


“Seven Years’ Experience With Job Control of the Quality of Con- 


crete,” by R. B. Young. 
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Fourth Session, WEDNESDAY, FreBruary 24, 1926, 2 P. M. 
M. M. Upson, vice-president, in the chair. 
The following papers were read and discussed : 


“Control of Concrete Mixtures on University of Pittsburgh Sta 
dium,” by W. 8. Hindman. 


Consideration was then given to the remaining part of the “Question 
Box” left over from the second session. 
The following papers were read and discussed: 


“New Experiences in Field Control,” by John G. Ahlers. 


“Application of the Water-Ratio Specification for Concrete,” by 
F. R. MeMillan and Stanton Walker. 


The report of Committee E-5 on Aggregates was presented by its 
chairman, R. W. Crum. The report was adopted and the “Purchasing 
Specification for Aggregates” that it contains was accepted as a tentative 
standard for one year. Specification is not printed in this volume, but 
appears as a separate. 

The report of Committee C-5 on Measurement of and Estimating Con 
crete was presented by A. B. Cohen, member of the committee, 

Tentative Standard C5A-25T on Measurement of Concrete was referred 
to letter ballot for adoption as standard. (‘This standard was adopted by 
vote of the membership May 27, 1926, and appears in this volume of the 
Proceedings as C5A-26.) 


FirrH SESSION, WEDNESDAY, FresruAry 24, 1926, 8 P. M. 
W. E. Hart in the chair, 


The report of Committee E-6 on Destructive Agents and Protective 
Treatment was presented by its chairman, M. M. Upson, and secretary 
F, R. MeMillan. 


The following papers were read and discussed: 


“Concrete for Structure and Finish of Important Buildings,” by 
David C. Allison. (Read by H. C. Boyden.) 


“Architeetural Concrete,” by John J. Earley. 


“Stucco Textures and Colors,” by O. A. Malone. 


The last paper consisted of ‘a demonstration by Mr. Malone of the 
actual placing of various stucco finishes. 
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SrxtH SESSION, THURSDAY, Fepruary 25, 1926, 9.30 A. M. 
Richard L. Humphrey, past-president, in the chair, 


The following papers were read and discussed: 





“Uniformity of Building Code Regulation of Concrete Masonry 
Units,” by Frank Cartwright. 


“Building Regulations and Concrete Masonry Units,” by George A. 





Hauser. 
The report of Committee P-4 on Concrete Staves was presented by its 
' chairman, W. O. Brassert. With minor corrections, approved by unani- 


mous consent of the floor, Standard Specification on Concrete Staves, 
P4A-25T, was voted to be sent to letter ballot of the membership for 
approval as standard. (This standard was approved by the membership 
of the society on May 27,.1926, and appears in this volume of the Pro- 
ceedings as Standard P4A-26.) 

The report of Committee P-] on Standard Concrete Building Units was 
presented by Chairman E, W. Dienhart, The report consists of amendments 
to Standard P1A-25 and Standard P1B-25. These were adopted by the 
meeting as tentative and are printed as a separate. 

The following paper was read and discussed: 

“Kifeet of Lime on Concrete Products,” by Paul C. Cunnick. 

P. H. Bates, chairman of Committee T-1 on Crazing, presented an 
oral progress report. 

John J. Earley, chairman of Committee P-2 on Cast Stone and Archi 
tectural Concrete, presented a paper, “Future Work of Committee P-2.” 

The report of Committee P-6 on Concrete Products Plant Operation 
was presented by Benjamin Wilk, chairman. The report consisted of a 
paper on “How to Cure Concrete Building Units,” 

At a luncheon meeting details of the Wacker Drive, visited in the 
afternoon of February 25, were presented by the following speakers: T, A. 
Evans, engineer-in-charge of design, Board of Local Improvements, Chi- 
cago; Frank Herlihy, president, Mid-Continent Construction Co.; A. A. 
Levison, Blaw-Knox Co.; John J. Sloane, president, Chicago Board of 
Local Improvements. 


The afternoon was devoted to the inspection of the Wacker Drive. 


SEVENTH SessSION, THURSDAY, FEBRUARY 25, 1926, 8 P. M. 
President A. E. Lindau in the chair. 
The tellers announced the following elections: 


President, M. M. Upson, of New York, 
Vice-President (2-year term), John J. Earley, of Washington, 


eat 
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Secretary and Treasurer, Harvey Whipple, Detroit. 
Directors, 3rd District, A. C. Tozzer. 

2nd District, J. G. Ahlers, New York. 

6th District, Rudolph J. Wig, Los Angeles. 


(On account of the elevation of Mr. Earley from directorship in the 
4th District to vice-president, a vacancy occurred in the 4th District direc 
torship. The Board of Direction in accordance with the constitution filled 
the vacancy. P. H. Bates, Washington, D. C., is the new director. ) 


The following amendment to the by-laws legally presented to the meet 
ing was adopted to be sent to letter ballot. (It was adopted by vote of 
May 27, 1926.) The amendment followa: 


ARTICLE Y. 
STANDARDS. 


Section 1. Proposed new or revised Standard Specifications, Standard 
Practice, and Standard Definitions when approved by a majority voting in 
the committee in which they originate, shall be submitted, in the form 
adopted in the Standard Form of Standards, to the secretary of the Insti 
tute 60 days prior to the opening of the annual convention at which they 
are to be presented. The secretary of the Institute shall cause these pro 
posed new standards or revised standards to be printed as Proposed Tenta 
tive Standards and mailed to the full membership of the Institute thirty 
days prior to the opening of the convention. As there amended and 
approved, they shall be published in the Annual Proceedings, next issued 
as Tentative Standards, At a subsequent annual convention, they may 
again be offered unamended, by their originating committees as proposed 
standards, and as there approved by a majority of those voting, they shall 
be submitted to letter ballot of the Institute membership, to be canvassed 
within ninety days thereafter. Such proposed standards shall be consid 
ered adopted unless at least 10 per cent of those voting shall vote in the 
negative. 

The change in the amendment lies entirely in the last sentence, which 
in the old by-laws read as follows: 


“Such proposed Standard shall be considered adopted unless at least 
10 per cent of the total membership shall vote in the negative.” 


The Wason Medal was presented by President Lindau and C. EF 
Nichola to 


EK. A. Dockstader 
for the most meritorious paper presented at the 1925 convention: 


“Report of Tests Made to Determine the Temperatures in Reinforced 


Concrete Chimney Shells.” : 
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The secretary presented the so-called “Pen-Wiper” Trophy to Duff A. 
Abrams for leadership in sponsoring new Institute members, January 1, 
1925, to February 15, 1926. The trophy consisted of an oversize pen- 
wiper and a set of desk fountain pens. 
was awarded to F. R. MeMillan. 


The following papers were read and discussed: / 


The second prize, a fountain pen, 





“Architectural Floors—-Especially Terrazzo,” by H. 8. Wright. 


The report of Committee J-2 on the American Concrete Institute Rep 
resentation on Concrete Culvert Standards was presented to B. 8, Pease, 
chairman of the Joint Culvert Pipe Committee. The report was accepted 
as & progress report, 


The following papers were read and discussed: 


“Efficiency in the Supervision of the Construction of Concrete Road 
Surfacing,” by J. L. Harrison, 


“Transverse Testing of Concrete,” by H. F. Clemmer and Fred 
Burggraf. 


KiaguTH Session, Fripay, Fesruary 26, 1926, 9.30 A. M. 
President A, FE. Lindau in the chair. 


Che report of Committee S-L on Reinforced-Conerete Chimneys was 
read by its chairman, C, KE. Nichols. 


The following papers were read and discussed: 
“Concrete Pavement Design,” by L. W. Teller and J, T. Pauls, 
“Extensibility of Concrete,” by W. K. Hatt, 
“Reinforced-Concrete Chimney Tests,” by Benjamin Wilk. 


“Relation of 7- and 28-Day Compressive Strengths of Mortar and 
Concrete,” by Willis A, Slater, (Read by Stanton Walker.) 


“Soaps as Integral Waterproofing for Conerete,” by Alfred HU 
White and John H, Bateman, 
“The Most Significant Testa for Concrete,” by A. 'T. Goldbeck, 


The report of Committee E-3 on Research was read by ita chairman, 
H. WV. Gonnerman, 


: The following paper waa read and discussed: 


“The Effect of Varied Curing Conditions Upon the Compressive 
Strength of Mortara and Coneretes,” by Herbert J, Gilkey, 
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THE WASON MEDAL, 


AWARDED Each YEAR TO THE AUTHOR OF THE Most MERITORIOUS PAPER 


1916 


1917 


1918 


1919 


1920 


1921 


1922 


1923 


1924 











PRESENTED TO THE PREVIOUS ANNUAL CONVENTION, 


Awarded 1926 to 


Kk. A. DocxsTaper, for paper, “Report of Tests Made to Determine Tem 


peratures in Reinforced-Concrete Chimney Shells, presented 
to the 1925 Convention. 


PREVIOUS AWARDS. 
Convention Vaper—A. B. McoDaniet, “Influence of Temperature on 
the Strength of Concrete.” 
Convention Paper—Cuartes R. Gow, “History and Present Status 
of the Concrete Pile Industry.” 


Convention Paper—Durr A. Anrams, “Effect of Time of Mixing on 
the Strength and Wear of Concrete.” 


Convention Paper—W. A. Starter, “Structural Laboratory Investiga 
tions in Reinforced Concrete Made by Concrete Ship Section, 
Emergency Fleet Corporation.” 


Convention Paper-—W. A. Hutt, “Fire Tests of Concrete Columns.” 


Convention Paper. M. WesTercaarn, “Moments and Stresses in 
Slabs.” 


Convention Paper-—-Gronce EB, Breacs, “An Accurate Mechanical So 
lution of Statically Indeterminate Structures by Use of Paper 
Models and Special Gauges.”’ 


Convention Paper—J. J, Eartey, “Building the Fountain of Time.” 


Ricnarp L. Humpunrey, for two papers, “Twenty Years of Concrete” 
and ‘The Promise of Future Development,” presented to 
the 1924 Convention, 
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THe TREND OF INstITUTE WoRK. 
By A. E. LInpAv.* 


A generation ago Speaker Reed called this country a “Billion Dollar 
Country.” Since that time billions have become more common. But even 
80 you may be a little startled by the statement that the concrete industry 
is a billion dollar industry. In fact the total annual cost of concrete pro- 
duced at the present time very likely considerably exceeds $1,000,000,000. 

If we translate the dollar unit into terms of human effort or man 
power we might say that our industry is measured by the daily toil of an 
army of a million men, If these figures can be visualized they represent 
in a broad way out present dimensions. 

By the time we celebrate another twentieth anniversary we shall un- 
doubtedly more than double our present annual output which means that 
in the next twenty years we shall add to our wealth or the permanent 
investment in “plant” in concrete construction, a sum equal to our total 
national debt. : 

It is not my purpose to iniate our importance or stagger the imagina- 
tion with huge figures, but rather to use this dimensional outline as a 
background for some remarks on the responsibility which I feel this Insti- 
tute must assume with reference to the concrete industry. 

With all due respect to other agencies that are at work in our field 
to solve our many problems, it seems to me that it is the special privilege 
and function of the Institute to assume and maintain leadership in the 
technical activities of the industry. While we have every reason to be 
proud of the work that has been done, of the service we have rendered in 
the past, the future value or usefulness of the Institute is intimately 
related to the seriousness with which we accept the responsibilities of our 
position. 

It is not a casual matter to prepare and sponsor building regulations 
involving the expenditure of vast sums of money and affecting the economic 
status of the building industry. 

It is not a mere incident to publish standard specifications for con- 
crete structures and structural units. It is not a holiday jaunt to search 
out and combat successfully destructive agents affecting seriously the per- 
manence of our concrete structures. 

In fact, these are the most serious kinds of effort and our attitude 
toward and the manner in which we direct them will not only measure our 
service but will determine whether we shall maintain the leadership to 
which we aspire. 


*President, American Concrete Institute, 1924-1026, 
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Concrete congtruction conserves our natural resources. It places at 
our disposal materials that are unlimited in quantity and universally dis 
tributed. We have no need to worry over the exhaustion of our sand and 
coarse aggregates deposits. It is quite true that we need fuel for the 
production of cement, form lumber to mold our concrete in and steel for 
reinforcement. But thanks to concrete construction in quantities of these 
materials are greatly reduced. 

But, even if our raw materials are available in unlimited quantities 
these materials are transformed into structures only by the use of man 
power or labor, and labor is not available in unlimited quantities so we 
are forced nevertheless to consider economy and efficiency in the use of our 
materials. 

One of our great national problems ia the high cost of living. The 
high cost of construction is a large factor in this condition. We can help 
to reduce the cost of our goods if we reduce the cost of our manufacturing 
plants, of our warehouses where our goods are stored, our mercantile and 
office buildings where our business is transacted, Our taxes can be reduced 
if the coat of our public improvement is reduced. In so far as concrete is 
assuming a constantly growing importance in the building industry we are 
faced with the responsibility of lightening the burden of costly con 
struction. 

The revolt against the high cost of construction is reflected in attempts 
to standardize building methods, overhaul building codes, increase unit 
stresses, re-examine factors of safety, etc,, while the inflation of unif 
stresses and infringement of the factor of safety may be decried as unneces 
sary and unwarranted in view of our vast wealth and resources. Still the 
general cry for economy demands an answer, and so far as concrete is 
concerned, the Institute should have a hand in framing the answer. 

An increase of 2,000 Ib. per aq. in. in the unit stress of the reinforcing 
steel would yield a saving of several millions of dollars per year. If we 
would produce a concrete having a compressive strength of 4,000 Ib, per 
sq. in. instead of the 2.000-Ib. concrete now in common use, additional mil 
lions of dollars per year could be saved, But these economics involve 
extensive investigations of engineering problema and a large program of 
tests of structural concrete members in the fleld and in the laboratory in 
order that proper factors of safety may be determined, 

A general upward revision of unit stresses would also involve radical 
changes in existing building codes, which means the establishment of public 
confidence in the new state of affairs, a somewhat slow and dificult 
undertaking. 

Yet to the extent that these questions can be answered the Inatitute 
should take an advanced position in finding a solution, by stimulating 
discussion, suggesting and planning research and co-ordinating the required 
effort, 

Efficiency in the use of materials can only be attained by uniformily 
of product, In faet, the production of concrete of uniform strength and 
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dependable resistance to deterioration by the elements is the biggest single 
problem we have to deal with. The most serious criticism leveled at con- 
crete as a structural material is its variability in strength. 


The utmost 
refinement 


in methods of design is of little assistance as a measure of 
economy if applied to materials whose physical properties cannot be con- 
trolled within reasonable limits of tolerance. Indeed, unit stresses, factors 
of safety and, in short, faith in the integrity of the structure will finally 
rest on the question of uniformity. We cannot afford to continue to use 
methods that leave the quality of the prodact within wide limits to chance. 

As we look about us and examine the methods of concrete production, 
in general, we find that the really great advances in the art is the knowl- 
edge of the few rather than the common property of the many. The 
function of the Institute is to carry the message of making better concrete 
to the far corners of the earth, 

Another problem the industry has wrestled with from its infancy is 
the satisfactory use of concrete as an architectural medium. It is natural 
to adapt a new material to old and recognized conceptions. The growth of 
new forma and methods of expression is usually slow and halting. While 
the great flexibility of conerete to adapt itself to almost any form has 
been recognized by architects for some time, difficulties in satisfactory 
treatment of the surface has retarded its general use and delayed the 
development and general adoption of concrete as a material having esthetic 
value, 

Here again--the Institute should take up the “white man’s burden” by 
inviting the pioneers in the fleld to bring in the fruits of their labor and 
experience in order that the architect, the artist and the artisan may take 
counsel with them and with each other as to what is good and may be 
retained and used and also as to what ia bad and should be rejected, 

The Institute work at the present, and for some time past for that 
matter, has reached a high degree of development. It is thoroughly co 
ordinated and well directed, All the important subdivisions of induatry 
are covered by committee activities. 

There is, of course, more or leas shifting of committee alignment and 
now and then new committees are added to take up the consideration of 
special subjects, But by and large, we seem to have reached a condition 
of stability or maturity in organization machinery. Does this mean that 
we have reached our full power in service and influence? Not by any 
means, The full benefit of the Institute work is derived only by those 
who take an active part in the work, those next benefited are the members 
who make use of the Proceedings, and still further out on the border of 
our influence are those who only occasionally draw from our store house 
of information, Now it is important to note that not much more than 
10 per cent of the membership are actively engaged these are the men 
who are playing the game—and they derive the greatest good-—-the balance 
are apectatora but they benefit at least to the extent of observing person 
ally how the game ia going-—the rest, the great general public, takea no 
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part whatever—the great multitude is uninformed and unconcerned as to 
what is going on. 

If for the general public we substitute the vast number who are 
engaged directly and indirectly in the concrete industry we can realize the 
importance of vitalizing and extending the Institute work. The problem 
is to find a practicable method of converting a larger share of the potential 
energy of the 90 per cent that is now inactive. A solution to the problem 
is under consideration. The holding of between-convention regional meet 
ings at points away from the ysual centers of the annual convention is 
conceived to be a step in this direction. We must find some means of 
effectively distributing the material that is brought in annually to our 
storehouse. We are on the verge of some important and fundamental 
changes in our method of providing concrete. We have passed through a 
eycle of the early simple process of combining a unit quantity of cement 
with fixed proportions of fine and coarse aggregate to a more complex 
method of designing the mix on the basis of a sereen analysis of the 
aggregate combined with a suitable water cement ratio, and are now 
about to emerge to an even simpler process than that with which we began, 
by merely specifying the quantity of water per unit volume of cement, 
allowing the proportions of the aggregate within reasonable limits to be 
determined by workability. | say we are about to emerge for we have not 
yet arrived at a point where this broad and simple conception can be pro 
nounced as thoroughly practicable and satisfactory. Should the extensive 
investigations which are under way establish the soundness of the new 
practice we shall revolutionize present methods and enter a new era in the 
art of making concrete. Another and equally important “event is casting 
its shadow before.” 

For years we have struggled to control the variability in the strength 
of the concrete—we have added investigation to investigation and the 
end is not yet—-but almost—in sight. Papers at this convention will indi- 
cate how nearly we are approaching the goal of uniformity in quality. In 
fact, it is predicted by competent authority—that it is reasonable to expect 
that concrete can be made the most reliable and uniform building material 
we have, 

The temptation is strong to expand upon the theme of the advances 
that have been made and those that are about to be made, but we need 
only glance over the past in order to gather confidence in the future. 

The Institute in common with the Industry in general has passed 
heyond the Pioneer Stage. In the building of the road to better concrete 
the reconnaissance work through much of the unknown country has been 
completed. An earlier generation blazed the trail through the trackless 
wilderness. The early tracks were often tortuous and indistinct, con- 
siderable relocation and straightening of the road has been required-—we 
have had a good deal of pulling of stumps and blasting of rocks, leveling 
of hills, and filling of hollows. The subgrade has been prepared and now 
we are engaged in the building of the permanent weaving surface, Some 
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of the earlier work may have to be replaced, but the bulk of our new con- 


struction seems to be completed. Our road is gradually taking on a more 


finished appearance and we look forward hopefully to the time when the 
completed project may efficiently and satisfactorily serve the needs of our 
civilization. 








FORMULAS FOR THE DESIGN OF RECTANGULAR FLooR SLABS AND 


THE SUPPORTING GIRDERS. 
By H. M. WesTerRGAArp.* 


The reinforced-concrete structure consisting of square or rectangular 
slabs each of which is supported on four sides on beams or walls possesses 
obvious architectural advantages, and deserves for this reason alone a 
careful examination of its features of strength and economy. The problem 
involves a consideration of the slabs and of the supporting girders. 

Six types of panels should be considered; they are represented, for 
example, in Figs. 1 and 2: (1) the single panel; (2) end panels of a 
row of panels; (3) intermediate panels in a row; (4) corner panels; 
(5) wall panels; and (6) interior panels. The analytical and experi- 
mental material which is available does not cover completely this diversity 
of cases. Some of the missing cases, however, are so decidedly inter 
mediate between cases about which information can be found that it seems 
to be possible to make reasonable estimates for them, At the same time, 
further investigations are desired, dealing, especially, with the missing 
cases, in order that the questions may be settled in a more than pro 
visional manner. 

The present study is based on information of the following four kinds: 

(1) Results obtained by the theory of elasticity. 

(2) Results of tests of slabs of the kind dealt with here. 

(3) General information concerning the phenomenon of redistribution 
of stress resulting from redistribution of relative stiffness as the stresses 
increase, 

(4) Knowledge of the behavior of flat slabs. 

Figs. 1 and 2 show coefficients of bending moments per unit of width, 
obtained by use of the theory of elasticity. The slabs are assumed here 
to be of homogeneous, isotropic, elastic material with Coisson’s ratio equal 
to zero, Each panel is simply supported on four sides on rigid beams, 
but the slab is continuous over the interior beams. Each shaded panel 
carries a total uniform load W. Each unshaded panel is entirely unloaded. 
The elements of section which are indicated on the drawings, and to which 
the coefficients apply, unless they are diagonal elements at corners, belong 
to total sections each of which extends across a panel along a central 
line of symmetry (with positive moments) or along an edge (with nega 
tive moments). In terms of the coefficients q stated in Figs. 1 and 2, the 


* Associate Professor of Theoretical and Applied Mechanics, University of 
Ilinols, Urbana, Ti. 
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FIG, 1.—COEFFICIENTS OF BENDING MOMENTS PER UNIT OF WIDTH AT VARIOUS 
POINTS IN SQUARE PANELS OF HOMOGENEOUS, ISOTROPIC, ELASTIC 
MATERIAL WITH POISSON’S RATIO EQUAL, TO ZERO, 
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FIG. 2.—-COEFFICIENTS OF BENDING MOMENTS AS IN FIG. 1. 
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bending moments per unit of width of section may be computed by the 
formula 
M— + qw. (1) 


With W stated in pounds, this formula gives the bending moment in pounds, 
or in inch-pounds per inch width of section. 

If Poisson’s ratio is changed from zero to some positive value 
the bending moments M and M_ at any given point, in the directions of 
wand y (that is, in elements of section parallel to y and @, respectively), 
will obtain, in all the cases dealt with here, the following values: 


M’, = M, + uM,, M’, = M, + uM, (2) 


respectively. Along any edge in the direction of y, one finds MY == 0, 
that is, according to equations (2), M’ =-M,, The coefficients q for nega- 
tive bending moments at the edges, consequently, apply independently of 
the value of Poisson’s ratio. When Poisson’s ratio is changed from zero 
to a positive value ,,, the positive moments at the centers, on the other 
hand, are increased, while the diagonal moments at the corners are multi- 
plied by 1—y . 

With values of M’, and M’ known for a given value of yu» one finds 
by solving equations (2): 


vu’, —uM’,, 


M, 
1 — p? 
(3) 
Mu’, —uM’, 
V, 
1 — »’ 


These formulas were used in a number of the cases in Figs. 1 and 2 in 
computing coefficients q for Mand Mon the basis of values of M’ and 
M’ given by different investigators for positive values of b. 

The letters given in parentheses in Figs. 1 and 2, next to the 
coefficients, refer to the following sources, from which the values of the 
coefficients have been taken (in some cases through application of equa 
tions (3)): 

(a) These coefficients have been computed by a number of investi- 
gators. A discussion of the values may be found on p. 433 in the paper 
by W. A. Slater and the writer, Moments and Stresses in Slabs, American 
Concrete Institute, Proceedings, v. 17, 1921, pp. 415-538, (or, Nationa) 
Research Council, Reprint and Circular Series, No, 32). 

(b) Ibid., p. 432, Fig. 4. 

(ce) Ibid., p. 433, Fig. 5. 

(d) Ibid., p. 434, Fig. 6. 

(e) A. Nadai, Die Formanderungen und die Spannungen von Recht- 
eckigen Elastischen Platten, Forschungsarbeiten auf dem Gebiete des 
Ingenieurwesens, 170-171, 1915 (87 pp.), p. 62. 
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(f) A. Nadai, Die Elastischen Platten (Berlin), 1925 (326 pp.), 
p. 134. 

(g) Ibid., p. 184. 

(h) H. Hencky, Der Spannungszustand in Rechteckigen Platten 
(Munich and Berlin), 1913 (94 pp.), p. 53. 

(i) Ibid., Plate V. 

(j) H. Leitz, Die Berechnung der Frei Aufliegenden, Rechteckigen 
Platten (Berlin), 1914, p. 27. 

(k) H. Leitz, Berechnung der EKingespannten Rechteckigen Platte, 
Zeitschrift fiir Mathematik und Physik, v. 64, 1916, pp. 262-272, p. 270. 

(1) N. J. Nielsen, Bestemmelse af Spaendinger i Plader ved Anven 
delse af Differensligninger (Copenhagen), 1920, (232 pp.), p. 153 (approxi 
mate values). 

(m) B. G. Galerkin, paper in Russian on Rods and Slabs, Vestnik 
Engeneroff, 1915, No. 19, reprint, p. 29. 

(n) Ibid., pp. 29, 31. 

(o) Ibid., p. 33. 

(p) Ibid., pp. 29, 35. 

(q) B. G. Galerkin, paper in Russian on Flexure of Rectangular 
Slabs and Thin Walls, Bulletin of the Polytechnic Institute of Petrograd 
(Leningrad), 1916, pp. 172-173. 

(r) Ibid., p. 176. 

(8) Ibid., pp. 194-195. 

(t) Ibid., p. 198. 

(u) Ibid., pp. 206-207. 

(*) Estimated value. 

In case 2b in Fig. 1 the left panel is assumed to be loaded, and the 
right panel unloaded. If, instead, the left panel were loaded by W and 
the right panel by —W, the common edge would be a line of anti-sym 
metry for the deflected middle surface, and the bending moments at this 
edge in the direction perpendicular to the edge would be zero. The left 
panel, then, would deflect like the single panel in case la. By super 
imposing the load W, W for the two panels on the load W, W (case 
2a), one obtains the resultant load 2W for the left panel, and zero for 
the right panel. The bending moments in the loaded panel in case 2b may 
be obtained, therefore, by taking the average of the corresponding bend 
ing moments in cases 2a and la. This averaging is indicated on the draw 
ing by the notation (2a, la). The coefficients stated for case 2b evidently 
represent maximum values of the positive moments in the particular ele- 
ments of section. 

It has been possible te apply the same scheme of averaging through 
out Figs. 1 and 2 for the purpose of determining the coefficients of the 
greatest possible moments. For example, case 4b is dealt with by taking 
the averages of the values in cases 4a and 2a, In three of the cases, 3b, 
5B, and 6b, the averages which are indicated by the notation, and which 
were used in computing the coefficients, correspond not exactly, yet with 


a quite satisfactory approximation, to the case of loading which ia indi 
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cated by the shading, and which leads to the true maximum values. In 
case 3b, for example, by taking the averages of values from cases 3a and 
Za, one obtains coefficients which apply strictly to the arrangement 

0, W, W, 0, 0, W, W, 0, 0, W, W, 0 . . of loads on the panels in the row 
instead of the arrangement . . 0, W, 0, W, W, 0, W, 0. . . which is 
indicated by the shading. The errors resulting from differences of this 
kind in the three cases can not possibly be very large. 

The coefficients of moments which are stated in Figs. 1 and 2, and 
which apply, presumably, to homogeneous clastic material, may be used as 
a guide in establishing formulas for the design of slabs of reinforced con- 
crete, with the same pattern of panels. It is understood that these design 
formulas are to be used in computing the amounts of steel on the basig of 
the same nominal working stresses that are used in case of beams. If the 
same formulas are used in computing nominal stresses in the concrete, it 
is possible that working stresses should be used for the concrete which 
are different from those used in the case of beams. Since the working 
stresses are merely nominal stresses, used in computations to attain safe 
and economical design, it is to be expected that the coefficients shown in 
Figs. 1 and 2 will call for some revision before they are applied to slabs 
of reinforced concrete. This revision must be based on what is known 
from tests and experience concerning the behavior of the slabs and the 
materials. 

Tests of slabs of the kind dealt with here were mentioned as one of 
the sources of information. Some tests of this kind were discussed by 
W. A. Slater and the writer in a paper published in the Proceedings, 
1921." They are tests made under the direction of Bach and Graf,t and 
a test made at Waynesburg, Ohio, for J. J. Whitacre, under the direction 
of W. A. Slater. These tests indicate, generally speaking, the feasibility 
of using smaller coefficients than those obtained for homogeneous elastic 
material by use of the theory of elasticity. ; 

The tests demonstrate quite clearly the phenomenon of redistribution 
of stress. This phenomenon may be explained in terms of what happens in 
the case of a rectangular interior panel. The load is assumed to be dis- 
tributed uniformly over the whole floor and to be increased gradually 
from zero, With the smallest loads the panel will act most nearly like 
a homogeneous elastic slab. The greatest stresses will occur at the cen- 
ters of the longer edges. The diagram of coefficients of bending moments 
across the edge shows small values near the corners and large values at 
the middle. When the joad is increased, the increase of bending moment 
corresponding to a given increase of deformation will become smaller at 
the middle of the edge where the stresses are large than near the corners 
where the stresses are small. That is, when the load increases, the stiff- 
ness of the material becomes relatively smaller at the middle of the edge 
than near the corners. The result is that the parts near the corners become 
relatively more active. One may say that stresses are thrown from the 


*W. A. Slater and the writer, Moments and stresses in slabs, American 
Concrete Inatitute, Proceedings, v. 17, 1921, pp. 415-538, especially, pp, 487-500 
(or, National Research Council, Reprint and Cireular Series, No, 32), 

* Deutscher Ausechuses filr Elsenbeton, vy, 30, 1015, 
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middle of the edge toward the corners, and the middle borrows strength 
from the sides. Accordingly, the diagram of coefficients of bending moments 
is flattened out, the ordinates becoming smaller at the middle and larger 
near the ends. At the same time, the fact that the deformations are smaller 
at the middle of the panel than at the longer edges, causes a second redis- 
tribution of the coefficients of bending moments, or borrowing of strength, 
with decreases of the negative moments at the edges and increases of the 
positive moments at the middle of the panel. When the stresses near the 
middle increase, a third redistribution occurs; the diagram of positive 
moments across the longer line of symmetry is flattened out. Finally, there 
is a redistribution of action from the shorter span to the longer span. 
These redistributions result, generally speaking, in a lowering of the critical 
coefficients by which the slab would be designed. 

One finds an argument in favor of counting on this lowering of the 
critical coefficients in what is known generally concerning the phenomenon 
of redistribution of stress or borrowing of strength in ductile materials. 
The theory of elasticity may indicate, for example, a concentration of 
stress at the edge of a rivet hole. But tests with loads beyond the pro 
portional limit have shown in many cases of this sort that local yieldings 
will redistribute the stresses more nearly uniformly, with the result that 
the critical stresses become somewhat lower than is indicated by direct 
application of the theory of elasticity. 

The Joint Committee on Standard Specifications for Concrete and 
Reinforced Concrete in the report of 1924, in Section 142, specifies a 
coefficient of 0.09 for the sum of positive and negative moments in a flat 
slab. The corresponding coefficient derived by applying principles of 
statics to a uniformly loaded slab is 0.125. The many tests of flat slabs 
have indicated the permissibility of the reduction from 0.125 to 0.09 in this 
coefficient, by which the nominal stresses are computed for the purpose of 
design. The’flexure of the slab supported on girders in two directions is 
similar in many ways to the flexure of the flat slab. There is reason to 
assume, therefore, that a reduction of the coefficients of moments in the 
ratio of 0.09 to 0,125, that is, a reduction amounting to 28 per cent, is 
permissible in the case of square panels supported on four sides. 

Fig. 3 shows a set of coefficients proposed for the use in design of 
square panels supported on four sides. The method of using the coefli- 
cients is explained in the note under the figure. These coefficients have 
been obtained by using the coefficients in Figs. 1 and 2 as a guide, by 
taking into account the redistributions of stress, by taking into account also 
the improbability of some of the cases of loading in Figs. 1 and 2, and 
finally by permitting, generally speaking, a reduction of the coefficients to 
the extent of 28 per cent. The coefficients have been obtained under the 
assumption that the deflections of the girders are small compared with 
the deflections of the central portions of the loaded panels. If the girders 
are slightly less rigid than they should be according to this assumption, 
the effect may be assumed to be mainly an increase of the stresses in the 
side strips, and the coefficients, probably, need not be changed. 
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FIG. 3.—PROPOSED COEFFICIENTS OF BENDING MOMENTS FOR THE DESIGN OF 
SQUARE PANELS OF REINFORCED CONCRETE. 
M == + gWb = bending moment in the strip of width b; ¢ = coefficient given 


by the numbers; W = total uniform load on one panel. The width of the side- 
strips is one-fourth of the span. 
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Figs. 4 and 5 show sets of similar coefficients proposed for rectangular 
panels. The use of the coefficients is explained in the note under Fig. 4. 
The bending moments in the shorter span are expressed in terms of the 
ratio m of the shorter span divided by the longer span by formulas of 
the type 

Cy 
BS ces WKF, (4) 
Ll + ¢, m* 


where ¢, and c, are numbers. With m-= 1, corresponding to square slabs, 
the coefficients assume the values given in Fig. 3. With m=—0, corre 
sponding to one-way slabs, the coefficients assume the values which are 
used ordinarily in this case. The form of equation (4) agrees satisfac 
torily with the results found for rectangular panels by the theory of 
elasticity.” 

Fig. 6 shows a set of coefficients which have been computed for the 
girders in the case of square panels. The shaded panels are loaded, the 
unshaded panels entirely unloaded. 

The computation may be explained by referring, first, to case la. The 
structure is assumed to be simply supported at the four corners. In a 
cross-section through the slab and the girders along the line of symmetry, 


] 
the total bending moment in the slab and the girder. combined is W 1. 
& 
Whatever portion of this bending moment is not accounted for in the 
slab, must be found in the two girders. According to Fig. 3 the slab is to 
] 
be designed for a nominal bending moment equal to —- W per unit of 
30 
width. This nominal bending moment represents, presumably, a true 
bending moment which is defined by the condition that the nominal moment 
is obtained from it by a reduction of 28 per cent. The true bending 
l 1 
moment thus accounted for is - x — W per unit of width at the 
0.72 30 
center of the slab. The bending moments in the slab are so distributed 
over the cross-section that the average value is about 0.70 times the maxi 
mum value, Accordingly, the total bending moment in the slab becomes 


0.70 1 
—— X— WIl=—0.0324 WI. The bending moment left for the two 
0.72 30 


girders is 
(0.1250 — 0.0324) W 1 = 0.0926 W 1, 
That is, the bending moment in each girder is 


M= % X 0.0926 WI — 0.0463 WI, 
as is indicated in Fig. 6. i 


oe 





* See for example, W. A. Slater and the writer, Le., Figs. 3-10, pp. 431.4388 
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FIG. 4..—-PROPOBED COEFFICIENTS OF BENDING MOMENTS FOR THE DESIGN OF 
RECTANGULAR PANELS, 


uM tq web bending moment in a strip of width b; ¢ «« coefficient given 
by the formulas in terms of the ratio m of the shorter span, tl, divided by the 
longer span; t ~« uniformly distributed load per unit of area. The width of the 
side-strips is one-fourth of the shorter span 
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FIG. 5.—-COEFFICIENTS OF BENDING MOMENTS AS IN FIG, 


4. 
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The fact that this bending moment is rather large may be explained 
through the tendency of the corners to curl up. This curling up is as- 
sumed to be prevented by the design of the structure. The forces holding 
the corners down may be interpreted as negative reactions. Their presence 
causes the downward load on each girder between the supports to be larger 
than one-fourth of the load on the panel. 
For a second illustration take case 4A. Each girder is a continuous 
beam with two spans of length / and three simple supports. Let axes of 
co-ordinates # and y be placed along the two inside girders. Two cross- 


l 
sections are passed along the lines «——-—and#w—O through slab and 
2 
girders. By use of simple principles of statics it is seen that the sum of 
l 
the positive bending moments in the section «—-—-—Jin the two panels 
2 


of slab and the three girders, plus one-half the sum of the negative mo- 
ments in slab and girders in the section « — 0 must be equal to 4% (2W) l. 
In Fig. 3 the coefficient of the greatest positive nominal bending moment 


I 

is given as —. As is indicated in Fig. 1 for case 4c, the greatest positive 
35 

moment is obtained by averaging the values in cases 4a and la. Thus the 


nominal value — should be the average of the coefficient of the nominal 
35 
bending moment for case 4a and the value — for case la. That is, one 
30 
finds for case 4a in Fig. 1 the nominal coefficient of positive moments 
2 1 ] 


——-—--—=—. In the same way, one finds for the negative moments in 


i) 30 0=— 42 
2 1 l 

case 4a: —-—-—-— approximately—. By using the fattor 0.72 in the 
22 20 24 


same manner that was described for case la in Fig. 6, and by using the 
ratio 0.65 of the average to the maximum value instead of the ratio 0.70 
used in case la, one obtains the following value of the sum of the positive 
l 
moments in the slab in the section « —-—W— plus one-half the sum of the 
2 
negative moments in the section #— 0: 
0.65 1 E ad ° 
—— (—+—.—) W 21 = 0.0806 W I. 
0.72 42 2 24 
The corresponding sum left for the three girders is, then, 
(0.2500 — 0.0806) W 1 — 0.1694 W 1. 
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If the load on each girder were distributed uniformly, the ratio of the 
positive moment at the center of the span to the sum of the positive 
moment at the center plus one-half the negative moment at the middle 
support would be 0.5. With the distribution of loads found here this 
ratio will be, instead, approximately, 0.54. Accordingly, the sum of the 
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FIG. 6.—-COEFFICIENTS OF BENDING MOMENTS COMPUTED FOR THE GIRDERS IN 
THE CASE OF SQUARE PANELS, 
The girders are sim supported, but continuous over the intermediate 


pl 
supports. Moment M == + uWl: q = coefficient ; W = uniform load on one panel ; 
t==span. The sections are at the centers and at the ends of the spans. 


l 
positive moments in the three girders in the section # — ~ becomes 
9 


0.54 . 0.1694 Wl — 0.0915 WI, 


and the corresponding sum of the negative moments in the three girders 
in the section #— 0 becomes 


2(1— 0.54). 0.1694 W 1 — 0.1558 W 1. 
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Each of the outside girders receives approximately one-fifth of each of 
these two total moments, whereas the inside girder receives three-fifths. 
One finds then the following moments: 


Outside girder, positive moment at the center of the span: 
0.2 . 0.0915 W 1 — 0.0183 W 1. 


Outside girder, negative moment at the intermediate support: 
0.2 . 0.1558 W l— 0.0312 W 1. 
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FIG. 7.——COEFFICIENTS OF BENDING MOMENTS IN THE GIRDERS IN THE CASE 
OF A ONE-WAY SYSTEM. 

The girders are simply supported, but continuous over the intermediate 
supports. When two coefficients q are stated, the first is the value resulting 
from computation, the second is the value which would be used in desi gu. The 
bending moment is expressed as M=<-+ qWl’; W-=—=uniform load on one panel ; 
i’ ==span of the girder. The sections are at the centers and at the ends of the 
spans. 


Inside girder, positive moment at the center of the span: 
0.6 . 0.0915 W l = 0.0549 W lI. 


Inside girder, negative moment at the intermediate support: 
0.6 . 0.1558 W l = 0.0935 W 1. 


The four coefficients obtained here are stated in Fig. 6 for case 4A, 


All of the coefficients in Fig. 6 for the cases of full load on all panels 
have been obtained by the method which has now been shown for the two 
cases la and 4A. For the ratio of the average bending moment in a 
cross-section in the slab to the maximum bending moment in the same 
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section the ratio 0.70 was used in the cases la, 2a, and 3a; 0.65 was used 
in the cases 2A, 4A, and 5A; and 0.60 was used in the cases 3A, 5a, and 
6a. For the ratio of the sum of the positive moments at the centers of 
the span to the sum of these positive moments plus one-half the sum of 
the negative moments for both ends of the same spans the following values 
were used: 





Case: la 2a 2A 3a 3A 4A 5a 5A 6a 





Ratio: I 0.54 1 0.38 1 0.54 0.54 0.38 0.38 





Fig. 6 shows a number of cases in which some of the panels are 
loaded and others unloaded. These arrangements of loads lead to the 
greatest possible values of the moments at the points for which coefficients 
are stated. In these cases the same scheme of averaging was used for 
the girders as was used for the slab in Figs. 1 and 2. The scheme is based 
on the principles which were explained in connection with Figs. 1 and 2. 
The notation by which the two components of each average are indicated 
is the same as is used in Figs. 1 and 2. For example, the coefficient 
stated for case 3b is the average of the corresponding values for cases 
3a and la. As in Figs. 1 and 2, the averages correspond only approxi- 
mately to the distribution of the load indicated by the shading in some 
of the cases; namely, in Fig. 6, in cases 3b, 3B, 5b, 5c, 5B, 5D, 6b, and 6c. 
The approximation, however, is satisfactory for the present purpose, al- 
though it is in some of the cases less close than was obtained in Figs. 
1 and 2. 

Fig. 7 shows a set of coefficients corresponding to those given in Fig. 
6, but for a one-way system of slabs and girders, In the cases of partial 
loading the coefficients were obtained as averages which correspond exactly 
to the averages in Fig. 6. 

Fig. 7 shows also those coefficients which would be used in design. In 
some of the cases the coefficients used in design are considerably smaller 
than those computed. The reductions involved here may be justified on 
the ground of the improbability of some of the cases of loading, and on the 
ground that the inside girders, for which the reductions are the greatest. 
are less subject to torsion than are the outside girders. 

It seems to be reasonable that reductions of the kind permitted in the 
cases in Fig. 7 should be permitted also in the cases in Fig. 6. It may 
be noted in this connection that the errors incurred by the averaging of 
coefficients in the cases in which this method is only approximate are of 
the same kind in Fig. 6 as in Fig. 7. The reductions indicated by com- 
paring the two sets of coefficients in Fig. 7 should be suitable, therefore, 
as a guide in deciding on corresponding reductions in the cases in Fig. 6. 

Use of Figs. 6 and 7 in this manner led to the coefficients which are 
obtained in Figs. 8 and 9 by substituting m — 1, corresponding to square 
panels, or m — 0, corresponding to one-way systems. 
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FIG. 8.—-PROPOSED COEFFICIENTS OF BENDING MOMENTS FOR THE DESIGN OF 
THE GIRDERS. 


The girders are simply supported at the corners of the panels only, and are 
continuous over the intermediate supports. Moment for the longer span: 
==+qWl’; for the shorter span: M=+qw?; q=— coefficient; W — total 
uniform load on one panel; w= load per unit of area; I’ = longer span; l= 
shorter span; m= T/l’, 
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FIG. 9, 


COEFFICIENTS OF BENDING MOMENTS AS IN FIG, 8. 
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Figs. 8 and 9 show the coefficients proposed for the girders in the case 


of rectangular panels. The formulas given in Figs. 8 and 9 for the co 


efficients of moments for the longer span are of the same general type as 
those given in Figs. 4 and 5 for the shorter spans of the slabs. The 
use of the coefficients is explained in the note under Fig. 8. 








Mr. Lindau. 


Prof. Westergaard. 


Mr. Lindau. 


Prof. Westergaard. 





DISCUSSION. 


C. L. C. Macee—I am making quite a study of just this situation, and 
I do not think enough attention so far has been given to what unquestion- 
ably are secondary supporting stresses in concrete slabs that are functions 
of deflection. As a slab deflects, we get circumferential stresses; the slab 
crowds toward the center. Those are not radial stresses, neither are they 
exact stresses, they are circumferential. If you analyze a flat slab or a 
square panel or a rectangular slab on the basis of circular plates and 
consider the pointups invection in a circular plate, you get an entirely dif 
ferent set of conditions. I would agree with Dr. Westergaard that about 
one twenty-fourth would be a proper measurement on the two-way slab, but 
if you take those other factors into consideration, about one thirty-second 
is pretty nearly mathematically correct. 

A. E. Linpau—What did you find to be the moment coefficient in the 
uniform load of a square panel, for example? Just approximately’? 

Proressor WESTERGAARD-—Without any reduction, about one over 
twenty-four; that is, the bending moment at the middle can be computed 
as one over twenty-four times the total load on the panel times the width 
of the strip which is considered. 

Mr. LinpAu—That would ordinarily be considered if you'd distribute 
the load in two directions as a sixteenth, so this gives it that additional 
factor of the difference between a sixteenth and a twenty-fourth. 

Proresson WeESTERGAARD—Then this provision may be modified by a 
reduction of the same type which is used in the case mentioned. The value 
I indicated is one-thirtieth in this particular case; the reduction is not 
quite 28 per cent, 
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PERMANENT RAILROAD TRACK. 
By FRANK N. ALFRED.* 


Civil engineering was, in the nineteenth century, largely confined to 
the location and building of railroads. The actual maintenance of the 
property, when once constructed, likewise the equipment purchased, was 
entrusted to non-technical men, That era in this country is rapidly com- 
ing to an end. We are entering into an era of refinement—it may be called 
the age of highly developed usefulness, in which the phenomena of nature 
will be solved and understood, and developed by persevering minds that 
will not be content to waste away while the great crowd drifts wherever 
the current carries. 

Historical Aspects.—The first railroad (if such it may be called) was 
built in Massachusetts. It was an industrial tramway running from 
Bryant quarries, about three miles to tidewater at Nepenset, and used to 
transport blocks of granite by horse power. ‘The construction consisted of 
granite blocks placed about 8 ft. apart, on which were placed wooden 
sleepers 1 ft. deep and 6 in. wide, on the top of which flat strips of iron 
3 in. wide and 4 in. thick were laid and spiked to the wood, It was 
operated by horse power, On the other hand, the first steam engine was 
run on the highway. 

Various gauges from 3 ft. 4 in, to 6 ft. were experimented with. The 
gauge of railroads in England was fixed by Parliament in 1830 at not less 
than 4 ft. 8 in. between insides of rail, following the practice used in the 
building of the Stockton and Darlington Ry., which was begun May 13, 
1822. 

The T-rail was designed by Robert L. Stevens and first made in Eng- 
land and laid in this country on the Camden and Amboy road in 1831. 
He also designed the hook head spike. Wrought iron step chairs were 
used under the rail joints. 

The steam railway age in America was as feverish from 1830 to 1900 
as have been the automobile and good roads development in the first quarter 
of the twentieth century. State ownership was resorted to by Pennsylvania 
in the building of the Philadelphia & Columbia Ry. when in 1829 it took 
over the charter of Col. John Stevens. This practice was followed by other 
states. The states soon tired of the experiments and turned the roads 
over to private capital to operate, 

The railroads were extended with such rapidity that by 1880 there 
were 93,671 miles in operation, The high tide was in the decade imme- 
diately following, when 65,000 miles of road were built,--seventy per cent 
as much as had been constructed in the previous half century. 


*President and General Manager, Pere Marquette Railway Co. 
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The check in expansion followed the creation of the Interstate Com- 
merce Commission in 1887. That check was timely. It has since devel- 
oped that many miles were built where there was not sufficient justification, 
and even today there exists much railroad that is unprofitable. 

Henry V. Poor’s Manual of 1868 gives the cost of building and 
equipping the early railroads as about $40,000 per mile in New England, 
the middle states roads at $53,000, the southern roads $30,000 and the 
western roads $41,000. 

The early country highways cost from $300 to $500 per mile to build, 
turnpikes, $3,000 to $5,000. Today the hard surfaced highways cost from 
$30,000 to $50,00 per mile—as much as the railroads. 

Present Status.—Railroads are using the same wood ties, with various 
kinds of ballast, track fastenings and T-rails as were used almost from the 
beginning. Is it strange that there is prejudice against the advance that 
has for its aim the doing away with these old friends of the railroad man? 
Did not the hard-road advocates have difficulty in securing its general 
adoption for heavy traffic, and have not their prophesies proven true? 

I do not mean to speak disparagingly of the efforts that have been 
made in recent years to improve the track and roadbed of our railroads. 
There has been a very general and marked improvement in the riding quali 
ties of track. Consideration is being given to better drainage of roadbed; 
heavier ballast is used; the life of ties and timber is being prolonged 
through treatment; crossing frogs and turnouts are being made with hard 
centers and of special steel; tie plates are being generally applied on 
tangents as well as curves, anti-creepers used to hold the rail to place, and 
heavier rail sections adopted. These improvements have not, in any per- 
ceptible measure, reduced the cost of track maintenance. 

“Permanent Way” is a misnomer as applied to the standard track of 
the country today. The type of track in use requires minute daily inspection 
and constant work to keep it in line and surface. The weakest part of 
the track structure is the joint, and today engineers are not agreed upon 
the best type of joint; that is, as to whether the joint should be suspended 
or supported. Nor are they agreed as to whether the rail should be laid 
on a horizontal base or with a slight cant inward. 

Much has been said about elasticity in track. The track of railroads 
is not rigid. Stand along the track and observe an approaching’ engine 
and note the wave motion created in the rail which is carried through the 
tie into the supporting ballast beneath. Resilience is essential as a com 
pensating factor in transmitting the load over uneven surfaces such as 
exist in the present form of track. Whence the necessity for the proper 
equalizing through springs and other means of absorbing shock. I quote 
from Doctor Dudley, more than a quarter century ago: 


“T am inclined to think that, if the roadbed could be made absolutely 
unyielding, the springs of the vehicles providing the elasticity, the best results 
would be had. If the track could be as smooth and relatively as stiff as a planer 


bed, there would be a saving in the cost of maintenance of track and machinery, 
and in coal consumption. he stiffer the rails, the less the creeping due to the 
wave which runs ahead of the wheels, the less the wear of the ties due to this 
motion, the less the destruction of the track and running gear due to the pound 
ing of the wheels and the easier the hanling of the trains.” 
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The tracks of the D. L. & W. in the second Bergen Hill tunnel are 
carried on reinforced-concrete slabs. It was constructed in 1909 and seven 
years thereafter Lincoln Bush, who was chief engineer at the time of con- 
struction, said: 


“My idea in getting out this design was if railroad track could be made 
perfectly rigid and unyielding that there would be no pounding or unusual 
stress in the rails. The roadbed in the new tunnel referred to has been in 
service under the heaviest kind of traffic since February, 1909, and has demon- 
strated fully that if track is made perfectly rigid it will stand up against the 
heaviest kind of traffic. 


“I am convinced that with a perfectly rigid surface there will be no pound- 
ing and serious damage in ralirond track unless some defect existed such as flat 
wheels. Such conditions, however, are corrected when they do arise with the 
railroad rolling stock. I have felt for some time that with the heavy rollin 
stock the best ballasted track had practically reached the limit of loading an 
if the heavy rail is used, the support of same on tie ballasted track is not like 
the abutments of a bridge, as ties yield, causing deflections in the rails, and it 
will be found that even with a heavier rail the stress may be greater in the rail 
= = bey a light and less stiff rail section which lends itself more readily to 
deflection.” 

O. E. Selby, in American Railway Engineering and Maintenance-of- 
Way Association Bulletin No. 80, said: 


“Railroad track has grown in strength as heavier loads have made increased 
strength necessary, but such growth has been entirely along ——— lines and 
not one single detail of track superstructure bears marks of engineering design.” 


Many roads have adopted a permanent track in tunnels, at passenger 
terminals, and some roads have put in experimental tests of various kinds 
of such construction at outlying points. So far as I know, such construc- 
tion in tunnels and at passenger terminals is a success. Street railways 
have been using concrete track support in the paved streets of cities, suc- 
cessfully, eliminating almost all track maintenance, 

Permanency in Track.—Since the advent of the automobile, the public 
road builders, after but short experience with the gravel road, adopted as 
a standard for high-speed and heavy-tonnage traffic, a hard non-flexible 
surface. It is believed by the writer that if a smooth, even, non-flexible 
surface can be provided, that the resilience will no longer be a factor neces- 
sary in railroad track construction. With this in mind, we have reached 
the conclusion that a permanent construction of track is practicable on 
railroads that have been in use for a period of years, where the banks have 
reached their final settlement and have had the refinement of line and 
grade revisions. It was thought that a construction of this type will 
relieve the high stresses in the rail. 

[ know of no better way to outline the detail of the form of con- 
struction proposed than to quote from the article prepared by Paul Chip- 
man and myself, which was published in the Railway Engineering papers 
early in December. 

By permanent track is meant a track structure in which wear and 
deterioration are confined as far as possible to the rail. The requiremente 
for such a track structure are most exacting, so much so that in certain 
situations they cannot all be met with the design here submitted, although 
it is not unlikely that a type of structure can be developed which would 
meet even these severe requirements. Such conditions include fills that are 
not fully settled, fills over sink holes or over ground filled with water 
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which may be removed subsequently by drainage, soils of such texture that 
freedom from heaving by frost cannot be secured by thorough drainage, 
and places where changes in connections with side tracks are frequent. 
However, on old lines these situations comprise only a small fraction of 
the total, and their existence need not interfere with the use of permanent 
track on the remainder, if such use is advantageous. 

Such a structure must be wide enough and strong enough to distribute 
the load over such an area that the bearing power of the subgrade will not 
be exceeded. Allowance must be made for impact, for lack of uniformity 
in the support given by the subgrade, and for the present tendency toward 
heavier loading. Temperature stresses must be taken into consideration; 
and protection of the concrete under the rail from disintegration due to 
repeated shock from the passing loads seems desirable, although trial may 
prove this feature not to be essential. 

The method of attaching the rail should permit of its easy placing and 
removal. Methods and type of construction must be such that the rail, 
when laid in its prepared place, will have perfect surface and alignment. 
However, the design should be such as to permit minor adjustment of eleva- 
tion by shimming, as occasional slight settlement may be looked for even 
in seasoned fills, and changes in traffic conditions may make a change in 
the super-elevation of curves desirable. Ease of insulation is another fea- 
ture that must not be overlooked. As there will be occasional situations 
where it will be desirable to retain the present type of track, any design 
should permit an easy and practicable connection of the two types of 
construction. 

Proposed Design.—These features have all been considered in the de- 
sign submitted herewith. The supporting slab of concrete is 10 ft. wide 
and 18 in. thick. Assuming the use of 30-ft. rails, the concrete would be 
cast in sections of that length. The rail rests on the edges of two plates 
which are embedded in the concrete, and are perforated in order to provide 
better bond and more bearing on the concrete. These serve a threefold 
purpose: (1) To distribute the load and impact over a greater area of 
concrete; (2) to protect the concrete from shock and possible disintegra- 
tion due to direct contact with the rail; and (3) to insure a setting for 
the rail which is absolutely true as to line and surface. In addition, they 
form a guide for striking off the concrete surface in finishing. 

Truss Reinforcement Is Employed.—The plates which form the rail 
seat also form the upper chord of a light truss, the lower chord of which 
serves as a part of the longitudinal reinforcement. The vertical members 
of this truss serve to anchor the rail seat to the concrete, and are extended 
below the lower chord, so that they may rest upon stakes driven accurately 
to the elevation of the subgrade. This truss would be shop-made, and the 
bracing and riveting need only be of sufficient strength to prevent distortion 
while handling. When set in place, these trusses are connected by adjusta- 
ble tierods spaced 6 ft. apart, and also by brace frames. Four of these 
brace frames are used for each 39-ft. section. One of the tierods forms the 
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upper member of the brace frame. This arrangement gives a rigid frame- 
work which can be set accurately in place and will remain undisturbed 
while the concrete is being placed. It will also serve to transmit the loads 
into the mass of concrete. 

Longitudinal reinforcement consists of four %-in. bars and four %4-in. 
bars in addition to the two 14-in. x 1%4-in. x %4-in. angles which constitute 
the lower members of the trusses. The ratio of longitudinal reinforcing 
metal is about 0.37 per cent. Assuming a Cooper E-70 loading concen- 
trated under the axle, with 50 per cent allowance for impact and uniform 
bearing on the subgrade, the tensile stress in the steel would be about 
9,000 lb. per sq. in. and the compressive stress in concrete would be about 
200 lb. per sq. in. 

Transverse reinforcement consists of %-in. square bars spaced 18 in. 
center to center near the base of the slab, and 4-in. square bars spaced 
18 in. center to center, near the top of the slab. Where brace frames and 
tierods occur, other transverse reinforcement is omitted. Assuming the 
70,000 Ib. on a pair of drivers to be uniformly distributed over a longi- 
tudinal distance of 5 ft., and again assuming an impact allowance of 50 
per cent and that the upward pressure of the subgrade is uniformly dis- 
tributed, we obtain a unit tensile stress of 14,000 lb. for the steel and a 
unit compressive stress of about 300 lb. for the concrete. 

These unit stresses are ample to take care of any increase in future 
loads, impact and unequal subgrade conditions. On account of the greater 
length of the section as compared with its width and the consequent oppor- 
tunity for more variability in the condition of the subgrade, it is thought 
desirable to use a much lower unit stress for the longitudinal reinforce- 
ment than for the transverse. With modern methods of proportioning and 
making concrete the maximum of economy may be obtained through de- 
signing the concrete to meet the actual condition of stresses disclosed 
through experience in the use of this type of roadbed. It might seem that 
some economy in design could be attained by not using so thick a slab 
and using a higher percentage of reinforcement. On account of the impact, 
however, it is believed that the additional mass obtained by using a greater 
thickness is well worth its additional cost. 

In order to facilitate construction, the concrete slab should be poured 
continuously, and not in alternate sections. A metal separator would be 
placed at the end of the section being poured. After the adjoining section 
had also been poured, this separator would be removed. It is not planned 
to leave any well-defined joints between the sections, on the assumption 
that compression due to high temperature would easily be taken care of 
by the concrete, the thickness of which would prevent any tendency to 
buckle; and that tensile stresses would cause a cleavage at the end of each 
section, inasmuch as none of the longitudinal metal is continuous. When 
these joints develop, they should be filled with tar, as is now done with 
concrete highways. In construction, the removal of the separator would 
be delayed until at least a portion of the block ahead of it was poured, 
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thus giving the block behind it a start toward setting and insuring a 
cleavage practically along the plane of the separator. 

The rail is held by rail-clips, which are attached by bolts to stirrups 
bolted to the perforated plates and embedded in the concrete. The ‘bolt is 
placed with the head up and screwed into a nut which is inserted beneath 
the stirrup through a recess provided for that purpose. This recess is 
only slightly wider than the nut, thus preventing it from turning. This 
arrangement tends to lesson the danger of injury to the bolts in case of 
derailment, and permits their replacement if injury should occur, or the 
substitution of a longer bolt in case slight shimming is desirable. No 
angle bars or fish plates are necessary, as the rail seat and rail attachments 
serve their purpose. 

Secondary Consideration.—With such a design, the rail no longer func- 
tions as a beam. A wearing surface and a base for bearing and attachment 
are all that need be provided, so that a much lighter rail may be used 
than at present. A suggested design for a 60-lb. rail is therefore shown, 
which it is believed would be fully as effective as a 130-lb. rail under 
present conditions. 

Rail anchors would not be needed. It is possible that creeping of rail 
could be avoided by keeping the bolts near the center of the rail tighter 
than those at the end. If this did not prove satisfactory, the rail could be 
anchored by one or two bolts near its middle point, thus insuring the ex- 
pansion and contraction of each rail as a separate unit. If it should prove 
desirable, which does not appear probable, to give a slight cushioning effect 
and lessen the impact on the concrete, it is believed that a thin layer of 
oiled felt beneath the rail would be effective. This felt should be treated 
with some bituminous mixture in order to preserve it. This mixture should 
not contain too much tar or asphalt, so that it will not become brittle and 
break up in cold weather. Perhaps a treatment with crude petroleum 
would be satisfactory. A layer of felt about % in. thick, compressing to 
a tickness of 1/16 in. under the tightening of bolts which hold the rail, 
and further compressing to perhaps one-half this thickness under an engine 
load, would probably go far toward reducing the shock upon the concrete 
beneath the rail-seat. It would also lessen the noise. Insulation between 
any two sections of track could be accomplished by substituting insulating 
fiber for the felt. This insulation should extend from the rail joint to the 
end of the concrete block. 

Thorough drainage is essential. On fills made of sand no artificial 
drainage would be necessary, but on other fills it should be taken care of 
by tile drains just beyond the edges of the slab, with frequent outlets to 
the side of the embankment. In cuts the drains should be placed deeper 
and under the cut ditches, in order to prevent ground water from reaching 
the track. The proper functioning of these drains is a very important 
matter and they should be of ample size and have good outlet facilities. 

Conduits for carrying all wiring, such as telegraph, telephone, block 
signals and train control, can be placed in the center of the slab or can 
be placed elsewhere in the section if desired. 
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It is not likely that such construction as here proposed would be used 
to any considerable extent on single track, as its cost would not, in general, 
be justified by the amount of tariffs. Further, to build it on a single track 
railroad would necessitate the construction of a temporary track to carry 
traffic around the section of roadbed under improvement. This feature 
calls for the consideration of precast slabs to be inserted under traffic. 
This would seem to be entirely feasible, but it is not likely that as uniform 
a bearing on the subgrade could be had as if the concrete were molded in 
place, which might result in a slight inequality of settlement of the precast 
sections. 

On double track, however, traffic could be diverted to the track not 
being improved, without undue expense or serious interruption of traffic. 
Under such conditions it is probable that the precast section would be more 
expensive, even taking into account the expense due to traffic interference. 
It is quite possible, however, that in certain situations this would not be 
the case and the precast method would be more desirable. 

An Estimate of the Cost.—Estimated cost per mile: 


Rail and fastenings .. CAB Lem $5,310 
Concrete base ....... pie ds tisiceeetad verre 
Total material . .... $34,103 
SO era .... 10,858 
Engineering ......... sag 44.0 Cae 800 
Diverting traffic ..... oy eee 3,000 
DO GOUGH: bev eri pcancncessso} shh ob seen aeusneee $48,761 
Estimated cost per mile of rail and accessories in present 
tract Sint won Oe TOGO on boinc dh0 ebaddn asta doa 10,791 
Wek. cgnt 00: GUNG oi si scosi 00> Aaieh 00,8<48 Sno nd «eae + ees eee 


Anticipated Savings.—The advantages that would result from a per- 
manent track may be classified as follows: 
1. Reduction in the cost of maintenance-of-way: 
a. Ties eliminated, 
b. Ballast eliminated, 
Track labor reduced to rail renewals and track walking, 
1. Probably reduced wear on rails and angle bars. 
2. Reduction in the cost of maintenance of equipment. 
3. Reduction in train resistance, resulting in: 
a. Less fuel consumed, 
b. Greater tonnage per train, with fewer trains; or higher speed 
with less train hours. 


4. Greater safety, especially at high speeds. 
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5. More comfort for passengers, due to smoother riding and freedom 

from dust. 

6. Advertising value to the early users. 

The last three items have a value that is very real, although so in- 
tangible that it is obviously impossible to estimate it in money. This value 
would be great for roads having a large volume of high speed passenger 
business. The passenger traffic of today demands the highest speed com- 
patible with safety, and the same is true of certain classes of freight. In 
general, track conditions are now the controlling factor in limiting speed. 
With a track in perfect line and surface, and with no soft spots and low 
joints, this would cease to be the case, and the high speeds required to 
compete successfully with other forms of transportation could be main- 
tained. 

Following is an estimate of the annual saving resulting from the first 
three of the above items on a track having a freight traffic of 30,000 gross 
tons per day and six daily passenger trains: 

Estimated annual saving per mile of track: 





CE Oe a ee oP $1,675 
Maintenance of equipment ..................... 1,526 
EES Se eee ee ee eee ee 420 
Increased tonnage rating .............-......4. 200 

Total saving per mile per year ............. $3,821 


This saving equals 10 per cent of the estimated cost. 

A similar estimate, based on a freight traffic of 40,000 gross tons per 
day shows a saving per year, per mile, of $4,950 or 13 per cent of the 
estimated cost; and when applied to ruling grades only, of $7,434, or 19.5 
per cent. 

It is assumed that the cost of maintaining equipment would be reduced 
20 per cent. This may be either too high or too low, as there is no basis 
for an estimate; but it is reasonable to suppose that equipment running 
over a perfectly smooth track would require less repairs and would have 
a longer life than if subject to the innumerable shocks inherent in opera- 
tion over the present type of track. 

There is likewise no definite basis for the assumption of a reduction in 
train resistance of one pound per ton. There is doubtless a large amount 
of energy lost in shocks at rail joints in the present track structure; and, 
due to the imperfect elasticity of the roadbed, a further amount is lost in 
depressing the track and pushing the main track wave ahead of the loco- 
motive and smaller ones ahead of each truck. This loss would be prac- 
tically eliminated with a track of the type proposed, but the decrease in 
train resistance which would result can only be determined by experiment. 

The conclusions to be drawn are that, for roads with heavy traffic, 
track of the permanent type would result in a reduction of maintenance-of- 
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way expenses that would yield a moderate return on the investment cost; 
would probably further result in a large saving in maintenance of equip- 
ment and cost of transportation; and would permit the safe operation of 
trains at considerably higher speeds than are now permissible. 

With moderate return assured on the investment from the saving in 
maintenance-of-way expense alone, it would be well worth while for any 
road with heavy traffic to install one or more experimental sections of 
permanent track in order to determine its other economic values, and to 
develop by trial the details of a practical design. 

It is the intention of the Pere Marquette Ry. Co. to install a short 
section of this track during the present season. I have no doubt but that 
the experiment will result in modifications of the design submitted. We 
hope that the engineers of other railroads will proceed to experiment with 
some design of permanent track, either the one suggested here or preferably 
a design of their own. We feel that in this way we will be able to deter- 
mine the necessity, if any, for placing a resilient substance between the 
rail and the concrete. If it is determined that resilience in any degree is 
needed, then it can be accomplished by placing various types of shock 
absorber beneath the rail and without loss of any of the money expended 
in the structure. 
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Mr. Chipman. 


DISCUSSION, 


PavuL CuipMan—In 1894 the freight traffic on railroads in the United 
States was equivalent to eighty billion tons inoved one mile. Thirty years 
later, in 1924, this traffic had increased to 390 billion ton-miles, or nearly 
five times the amount in 1894, This is some indication of the tremendous 
traffic requirements of the future. Freight traffic is now increasing at the 
rate of approximately 10,000,000 ton-miles per year. It is probable that 
most of this increase will accrue to the railroads which now have the 
heaviest traffic. 

The weakest factor at the present time in attaining speed with safety 
is the track. Railroads must develop some type of track structure which 
will permit, with safety, higher speed and at the same time avoid, insofar 
as possible, the enormous maintenance expense which is attendant upon the 
use of high speed on the present traffic structure. The purpose of the design 
explained in Mr. Alfred’s paper is to stimulate interest in this matter, and 
impress the importance of such a development upon the railroads. There 
is nothing sacred about this design. The designers have no special pride 
of creation and it is offered to this society as something to shoot at. We 
would be pleased to have any comments, favorable or unfavorable in regard 
to this design from the members of this society. 

There are a number of things about a permanent roadbed which can 
only be learned by experiment. One of these things is the amount of resil 
ient material or cushion, if any, must be placed between the rail and the 
rigid support. I believe this can only be learned by actual trial. Another 
thing that will be learned is the feasibility of lifting these blocks to take 
up any settlement which may occur in the roadbed, and supporting them 
by blowing or tamping sand under them to the original grade. Some set- 
tlement is to be expected even in an old roadbed, and provision must be 
made for taking up a limited amount of it. 

The experimental section which the Pere Marquette intends building 
will enable some idea to be formed of the decrease in train resistance 
which may be expected on a track of this type, and some idea, but not 
very much, as to the effect of the maintenance of the equipment. It will 
give an opportunity of trying out different kinds of railway attachments 
to find whether or not it is necessary to have angle bars and fish plates. 
One point, which was brought out by Mr. Grandy some time ago, was the 
advantage of construction of this type in doing away with all beam action 
in the rail. The rail is not subject to any tensile stress, and may be made 
considerably harder than with the present type of track. This would 
probably result in a considerable reduction of rail wear and a consequent 
saving in maintenance. 
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Tur RAILROADS AND CONCRETE. 


A DISCUSSION. 


T. P. Watson (By Letter).—It has been asked: “Are the railroads Mr. Watson. 


progressive in reference to concrete design and construction practice, and 
if they do not appear to be, what special conditions apply in railway con 
struction work that are the basis of the railway engineer’s viewpoint?” 

In answer to the first part of this question, the railroads are not only 
progressive but they were pioneers in the use of concrete for structures 
carrying excessively heavy moving loads. 

Railroad engineers designed and are continuing to design new types of 
concrete structures that are subject to shocks and exposed to weather con- 
ditions not encountered in other fields of concrete construction. 

As to general practice, the construction engineering forces of our 
railroads are second to none in ability, and the comparative excellence of 
the vast volume of work accomplished is proof of this statement. 

An attempt to answer the latter part of the question: “What special! 
conditions apply in railway construction work that are the basis of the 
railway engineer’s viewpoint?”’, permits the calling of attention to only 
one phase of concrete construction on railroads. Covering as they do such 
a tremendous geographical area and possessing varying financial conditions 
and prospects for the future, a full discussion of this question would take 
the time of many conventions. 

Many railroad engineers, like engineers in other fields, had assumed, 
because of custom and the erroneous idea which developed in the past 
twenty-five years, that concrete was a fool-proof material so long as 
tested cement was used with arbitrary proportions of aggregates, regard- 
less of grading, mixed together with an entirely neglected proportion of 
water and was poured into a form of the proper dimensions with casual 
if any supervision and inspection. 

The execution of a considerable volume of railroad concrete work is 
placed under the charge cf men already busily occupied with urgent duties, 
so that the actual time they can devote to field supervision of conerete 
construction is negligible. The duties of these men involve the installation 
of a vast assortment of manufactured materials and appliances which, 
before their receipt, almost without exception have been carefully manu- 
factured under rigid specifications, inspected and certified to by competent 
inspection organizations, 

It is something of a mystery, but true, that concrete seems to have 
been accepted on the same basis, whereas the making of concrete is a manu- 
facturing process and should be recognized as such and that special knowl- 
edge and skill are required to obtain the best quality of work. 

As an example of the methods and extremes of the use of two con- 


(55) 

















Al III ee 





56 THE RAILROADS AND CONCRETE. 


struction materials under such supervision let us consider the building of 
a steel girder bridge with concrete abutments carrying a railroad over a 
highway. The work is authorized, a plan prepared and the concrete abut- 
ments built and completed and the only inspection or test made in con- 
nection with the concrete is probably that made of the cement before it 
leaves the cement mill. 

The steel for the girders of this bridge is an entirely different matter. 
Tests and inspection start on the material that enters this part of the 
structure from the time the ore leaves the mines, through all the transi- 
tion periods of this material, until the last field coat of paint has been 
applied. 

How is this laxity in the manufacturing of concrete to be overcome? 
Some will think that a rigid specification is the answer. 

Specifications for concrete work on railroads of any considerable length 
should only be made after a careful consideration of the economic phases 
of the availability of aggregates, as the perfect aggregate of one section of 
the road might be an economic absurdity at another point. Aggregates 
must be analyzed from each source of supply and the concrete specifica 
tions drawn accordingly. 

Even a perfect specification is practically useless unless competent 
inspectors are present at all times during the progress of the work. The 
inspectors themselves must be under supervision which will keep in close 
touch with the operation to personally observe if the inspector is com- 
petent and co-operate with the contractor or construction forces to obtain 
finished work of the best quality. This comment on how it should be done 
will bring forth the inquiry, “How are we going to get the men to carry 
out such a beautiful theoretical plan?” 

A little study of the recent research and discussion of concrete is 
very enlightening and it is a simple matter in most localities to find con- 
crete structures that have failed or are deteriorating to such an extent 
that their renewal is only a matter of a short time. Intelligent study of 
these failures will prove almost without exception that the laxity of 
inspection and supervision was responsible for the poor results obtained. 

With these examples as a basis, it should be a comparatively easy 
matter for railroad engineers to impress upon their superiors that the 
necessity for special men for the special work of field control of concrete 
is just as essential as the specialization which is taking place in every 
other field of modern business activity. 

Further make an estimated cost of proper inspection and supervision 
and compare this cost with the renewal of a concrete structure at a period 
of twenty-five years with the renewal at a thirty-five-year period, on the 
conservative assumption that on the average you may increase the life of 
a structure ten years by proper inspection and supervision. If you will 
make your estimated engineering cost higher than is reasonable, the net 
results with compound interest are a revelation. 

Railroad managers are high-class business men and economists and 
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if the truth of the economy of adequate inspection and supervision of 
concrete construction was brought to their attention in the proper light 
these wasteful conditions which exist on some roads would cease imme- 
diately, as they did long ago on many railroads. 

G. A. HacGanper (By Letter).—The C. B. & Q. R. R. was one of the 
earliest large users of reinforced concrete in railroad bridge construction. 
This was brought about by the confidence of C. H. Cartlidge in this mate- 
rial and he developed the use of concrete box culverts, trestles, deck slabs 
for steel bridges and other types of construction to a great extent. 

Good rock for concrete aggregate is not available on most parts of 
our railroad but there is an ample supply of gravel. Until last year prac- 
tically all of our concrete was made with bank run gravel from three 
sources. These materials all contain a large percentage of sand and 
required the use of larger amounts of cement than usual,-this amount 
varying from | to 3 sacks per cubic yard over the usual practice. 

In 1924 one pit was worked out and we began using separate aggre- 
gates on the Eastern portion of our line, thinking that the cost of concrete 
would not be increased due to reduction in amount of cement and that a 
more uniform product would be obtained. We specified the usual 1: 2: 4 
and 1: 3:6 mixtures but soon found that the resulting concrete was very 
difficult to work and that the voids in the stone were not always filled. 
We have therefore had to use extra sand. Our trouble was partly due to 
not taking into account the bulking of damp sand. Having in mind the 
issuance of instructions covering the proper proportions to be used with 
the materials available, we have had our materials analyzed and tested 
at the laboratories of the Portland Cement Association during recent 
months and have developed proper proportions to use for each of our three 
classes of material. 

We find that we were using about the right amount of cement with 
our pit-run gravel but that for the separate aggregates, the volume of 
sand required under field conditions is as great, and for some strengths 
greater, than the volume of stone. 

We began to realize in a vague way in 1917 that too much water was 
being used in some of our concrete work. Instructions were issued at that 
time to make concrete only soft enough to work readily but not so wet as 
to leave water standing on it after being placed. 

We did not understand the relation of water to the strength of con- 
erete but desired to limit the amount so that the cement would not be 
washed out or the aggregate segregated in handling. 

In order to check up the laboratory tests we have used the new pro- 
portions on a job now partly completed. 

We desired a concrete having a minimum strength of 2,000 lb. and 
average strength of 2,500 Ib. at 28 days. Field tests showed a minimum 
of 2,520 lb. and a maximum of 4,000 lb. with an average of 3,160 lb, Our 
measuring of materials in each batch was not accurate and about 4% sack 
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of cement per cubic yard excess was used as shown by a final check on 
completed sections. ‘This accounts in part for the excess strength. 

This is our first attempt along the lines of proportioning concrete by 
the more recent theories, and the results are satisfactory. The excess 
cement used with pit-run gravels has insured a good quality of concrete 
in the past but we were concerned about the results we were getting with 
the standard mixes when using separate aggregates. 

As we use only a limited number of kinds of aggregates, it is our 
intention to apply the information obtained to proportioning concrete for 
small jobs arbitrarily without further tests and to make field analyses on 
larger jobs only. 

In case these show considerable variation from expected results we 
will have to extend the field analyses to smaller jobs. 

Our instructions will be very strict as to the water cement ratio which 
seems to be the main factor governing the strength of concrete. We feel 
that the foremen on our small jobs can be made to realize its importance 
and will impress on them that in case our specified proportions do not give 
a workable concrete, both cement and water must be added to remedy the 
condition, instead of water only. This would not be economical on a large 
job but I feel that is the best way of handling small jobs having no 
inspector. 

Mr. WestTFALL.—I have heard the question asked whether the railroad 
engineer was progressive, and if not, why, and I came here to find whether 
those questions would be answered. I think the situation of the railroad 
engineer is somewhat different from that of engineers in other lines, when 
his work is applied to traffic structures. Safety is the ultimate and the 
big question, and he has to be pretty sure before he does things that those 
things are going to be right. He is therefore inclined to be quite con- 
servative and to try to be, as far as possible, right in his assumptions. 
There is some question possibly as to whether the railroads have taken up 
the latest ideas of the manufacture of concrete as rapidly as some other 
branches of builders, but I believe that in types of construction the rail- 
roads are not far behind. 

Speaking of unit or precast construction, it seems to me that the rail 
roads have probably gone as far in important work as any other class 
of engineers. In track slabs, the use of pre-cast piling, platform slabs and 
concrete crib work, there are almost innumerable examples of the applica 
tion of this construction. 

There is one point of considerable importance in concrete work and 
that is the matter of design of construction detail. I think that in con- 
crete failures there have been many more instances where the failures were 
due to the overlooking of comparatively small details rather than design. 
I believe that the railroad engineer is in a more enviable position to watch 
his concrete work than the average engineer in outside practice. In most 
cases he handles the design of the structure, he looks after the construc 
tion, and then he has to carry the load afterwards; if anything goes 
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wrong, he knows about it. Unfortunately in concrete work it is very 
difficult and probably impossible to tell what is the matter. There are so 
many things that can enter into concrete work that can make it go 
wrong. 

In regard to one point that was brought out by Mr. Watson, which 
{ think rather hits the nail on the head, that people took up concrete 
with the idea that it was fool-proof, I think the reason was that concrete 
was first taken up to replace gravity masonry.. In the old days cut stone 
work was really brought up almost to perfection, but in railroad strue- 
tures, piers and abutments, we find that a great many of these structures 
were built with very nice cut stone faces, and the insides filled with spalls 
and mortar. Sometimes they were comparatively dense and very often 
they were rather full of voids; so that concrete was really developed on 
railroads to take the place of that kind of work. Possibly that is a 
justification of the attitude that the early railroad men had in reference 
to concrete, that it was equal to or should have been equal to the masonry 
work it was replacing. 

Abutments and piers do not have to be as good, considering concrete, 
as the concrete work in reinforced slabs and columns, so that idea has to 
be lived down by the railroad men. 

A. Burton Conen.—I think the trouble with the engineering depart- 
ments of the railroads is that they are curtailed too much by the manage- 
ment. I have had considerable experience in railroad design and construc- 
tion work, and I find that the tendency now is to cut down everywhere 
the railroad’s engineering department forces. The help which the bridge 
engineer of the railroad is receiving is of an inferior quality. The man- 
agement takes the point of view that the engineering department is spend- 
ing money. The management also pays more attention to the departments 
that are bringing in the money by traffic than to the engineering depart- 
ment. We speak of failures in bridge construction. Why do we have 
these failures? It is because railroad officials expect an inspector of in- 
sufficient experience who is receiving a very small salary, to take that 
responsibility. The grade of assistance that must be given to the bridge 
engineer must be improved if the work of the railroad, the very good work 
that has been done, is to continue. 

Rosert H. Forp*—The main thing I assume in which you are inter- 
ested is why, if the savings indicated can be secured, the railway engineers 
are so short sighted that they are unable to practice greater economy. | 
can visualize the taxpayer sitting in here in a corner of this meeting and 
going away with the feeling: “How they are burning up my money.” | 
am going to emphasize what I might say before our own convention, the 
American Railway Engineering Association, There is a woeful lack of 
practical application of the theories which such conventions as this pro- 
duce. It seems to me that what associations of this character need is 
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some sort of an outstanding committee on practical research. Why is it, 
with so much of this excellent material developed, that it is not practical 
or at least that it is not used? Why is it that we do not apply the things 
that you men write about and develop? If one-quarter of what was said 
here today was true, and I have no reason to doubt it, somebody, some 
organization, whether railway, highway or otherwise, is spending rivers of 
the people’s money improperly and unwisely. 

The answer is that men like you do not séem to be able to get the 
thing over to the public. So I say that one of the first and most important 
things for an organization of this kind is an outstanding committee on 
practical research. 

Turning to the railroads. you are interested primarily in the use of 
concrete. Transportation is the most important industry in America, after 
agriculture. It is divided today into about three grand divisions, the rail- 
roads, the waterways and the highways. The highways today have jumped 
into first place, I think, as the users of concrete. The time is going to 
come, however, when, I believe, the railroad will take that position, but it 
will be a long time. Railroads are only about a hundred years old. As a 
matter of fact, modern railroading is only about twenty-five years old. -We 
have passed through three crucial stages, and it is only within the last 
few years that the public is beginning to appreciate what transportation 
means. It is the life blood of the nation. Certainly, if it is as important 
‘as I say, it should be built well and wisely. Of all the mileage in this 
country, only about 20 per cent is what we can call permanently located. 
The rest is yet to be reconstructed and built. A single track railway is 
only half a railway. The grades must be reduced, the curve must be 
eliminated or lessened and a great deal of reconstruction must take place 
before we are up to the point where we can say that we are in a position to 
build with any degree of permanence. 

The discussion today dwelt largely on bridges. Bridges constitute only 
a small fraction of what we can call the right-of-way. I wonder sometimes 
in this practical question of research, why you men who are connected with 
the output of concrete do not study somewhat the development of locomo- 
tives or the cars and their sale and manufacture and development. The 
story is simple. It is a plain question of finance. The railroads cannot 
finance permanent work. A second-track railroad, modernized with the 
grades reduced, curves eliminated or lessened, so that one could travel a 
hundred miles an hour would require 35 per cent to 50 per cent of the 
present investment in railroads. What is the use of preaching about con- 
crete for permanency? What is the use of spending your time, so far as 
the railroads are concerned, with problems that are purely academic? 

You men are practical men. The majority of you can look over the 
top and see the practical side of things, and there is only one word that 
spells it today in modern industry, and that is finance. The problem today 
of transportation is finance. When railroads cannot make a fair return on 
the investment which has been set up by the Interstate Commerce Commis- 
sion, which is nothing more than a medium which represents you men, it 
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is idle to talk about proper, efficient construction. I will say that, as soon 
as the money is forthcoming, as soon as you men can find some means 
whereby you can get classification of account, so that the railroad can 
borrow money on short-term notes for permanent work in the same manner 
as they can borrow it for locomotives and cars, we will make far more 
transportation industry progress. We will use more cement, we will have 
better concrete and it will cost you less to carry your goods. 











EARTHQUAKE PROOF CONSTRUCTION. 
By H. M. Haptry.* 


The prerequisite of any problem of engineering design is a knowledge 
of loads and forces involved, and to this rule the problem of rendering 
buildings and other structures earthquake proof is no exception. Before 
any beginning can be made on the problem something must be known of 
the earthquake itself, what it is, and what is to be expected at times of 
earthquake occurrence. 

Briefly, an earthquake consists of sudden and always unexpected 
movements in what all our normal experience leads us to regard as the 
fixed, immovable earth. These movements may be so slight as to be almost 
imperceptible; again they may be so violent as to wreck all but the 
strongest structures. They may be brief; they may be prolonged. They 
may occur anywhere, at any hour; they may not occur for decades, or 
even centuries. It is doubtful if with present knowledge they can be pre- 
dicted in any save the most general way. Certain zones and districts are 
known to be more subject to earthquakes than others, and from a study of 
past performances and correlated phenomena, some fore-knowledge may be 
obtained, but from the very character of the earthquake, precision is 
searcely to be hoped for. 

The earthquake movements are both vertical and horizontal, the hori- 
zontal being in general six to ten times greater than the vertical. Since 
all structures are designed for vertical loads and presumably with an 
ample factor of reserve strength, the stresses induced by the vertical com- 
ponent of earthquake motion may be ignored. No ordinary, well-built 
structure with good firm foundations will sustain any serious damage from 
such vertical movement. 

But the horizontal components of the earth movement may in no wise 
be ignored. Depending on the magnitude of the horizontal movements and 
the time in which they occur, forces of varying magnitude are developed 
and in cases of severe earthquakes these horizontal forces will destroy or 
severely damage all structures lacking in resistance to them. At any 
locality this horizontal earthquake movement may occur in any direction, 
consequently it is necessary to provide resistance against earthquake forces 
acting in any direction. A severe earthquake may easily develop a hori- 
zontal force applied to the base of structures equal to 1/10 or more of 
their combined live- and dead-loads. However, if actual designed provision, 
employing the usual factors of safety, had heen made and executed against 
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horizontal forces of 1/15 or even 1/20 of the total loads, it can safely be 
said that the great majority of the damage done by the Santa Barbara and 
Tokio-Yokohama earthquakes would not have occurred. 

When foundations and column bases are suddenly moved sideways by 
the irresistible movement of the earth, there must be strength in the ver- 
tical members of the structure above either to bend and deform with 























FIG. 1.—TWO CONCRETE SCHOOLS AT SANTA BARBARA, 


The Santa Barbara High School at the top had well designed concrete wall 
construction and sustained no damage. The Wilson School (below) was of 
skeleton construction with clay tile filler walls and was seriously damaged. 


adequate resistance to the stresses produced by such bending and column 
eccentricities, or to carry the structure bodily as a block or unit with the 
foundation and without major deformations. Economy, and the character 
and use of the structure, will largely determine the type of resistance to 
be.provided. It is pertinent to call attention to the fact that with the 
possible exception of metal lath and plaster, none of the finishing materials 
employed in buildings of any consequence is flexible. The essential incon- 
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gruity between a flexible structural frame, and these inflexible things which 
the structural frame must sustain has resulted in many a sorry spectacle— 
and the loss of millions of dollars. 

For the great majority of buildings and structures it will ve found 
that the stiff-frame type is the most practical, adaptable and economical for 
resistance to earthquakes. Once it is decided that provision is to be made 























FIG. 2.—TWO WOODEN BUILDINGS AT SANTA BARBARA, 


The gymnasium at the Teacher’s College (above) possessed well designed, 
well-braced wood frame. The stuccoed exterior was not even cracked. The two- 
story residence shown below had no bracings on its underpinning. 


against horizontal earthquake forces the magnitude of these forces must be 
assumed as some fraction of the vertical loads. Considering the fortunate 
infrequency of earthquakes at any particular locality, reliance may well 
be placed on the reserve strength provided by the usual working stresses 
used for normal loads. Consequently, with a safety factor of 3, 1/15 may 
be recommended as the coefficient giving an ultimate resistance to an earth- 
quake whose dynamic effect is that of a force of 1/5 of the total weight. 
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Earthquakes more severe than this are very rare. Having selected some 
coefficient—say 1/15—then in each story design must be made to resist 
horizontal forces equal to 1/15 of all vertical loads in columns and walls 
in that story. These forces are analogous to wind pressure and the design 
against them is similar to the design against wind loads. They measure 
the shearing force in each story and the tendency of the portion of the 
building below to move horizontally with respect to the portion of the 
building above. 

Resistance to these forces can be obtained in the stiff-frame type of 
building either by trussing or by a sufficient amount of exterior and in- 
terior reinforced-concrete wall construction. Such wall sections are figured 
as beams, for bending, shear, bond, etc. The reinforced-concrete wall is 























FIG. 3.—TWO STEEL-FRAMED BUILDINGS IN JAPAN. 


The seven-story building of Katakura & Co., Tokio, shown on the left, had 
concrete walls and sustained no earthquake damage. The one-story gas purifier 
shed of the Yokohama Gas Co., shown at right, collapsed on account of lack of 
adequate bracing. 


alone recommended simply because it is the only wall in which it is prac- 
tical to introduce reinforcement to resist the tensile stresses that occur 
equally and simultaneously with the compressive. With either diagonal 
bracing or structural wall, a good distribution with respect to the plan of 
the building is important: it should not all be localized at one point. The 
corners of buildings constitute especially effective points for such sections, 
and there is the further advantage that the sacrifice of light there is a 
minimum. Stair and elevator enclosing walls may also well be used. 
When adequate structural resistance has been provided, the remainder 
of the wall and partition construction may be of any of the common 
masonry types, or of glass, or may be left open to the air. But full skele- 
ton construction, so common in American practices today, is certainly finan- 
cially, and quite possibly structurally, unsafe at times of severe earth- 
quakes. With the exception of certain steel-framed mill buildings covered 
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with galvanized iron, neither at Santa Barbara nor in Japan did the 
speaker see skeleton-framed buildings of any material that escaped damage. 
Hope is a poor material for bracing. 























FIG. 4.—TWO SMALL BRICK SCHOOL BUILDINGS AT SANTA BARBARA. 

These buildings are of the same size and stood on adjacent corners of the 
same block. Observe difference in wall construction. The small building at the 
top suffered no damage whatsoever. 

Whatever the materials of construction, every effort should be made 
in the design to tie and interconnect as fully and adequately as possible, 
all structural parts, and to ‘attach firmly to the structural frame all 
filler and decorative material used for the completed structure. 




















DISCUSSION. 


A. G. Hitiperc* (By Letter).—Before starting to analyze a design Mr. Hillberg. 
and its sufficiency to withstand successfully the loads it might be called 
upon to sustain, we must, first of all, know the nature of these loads and 
their application on the structure. Live- and dead-loads can usually be 
determined by using unit loads and unit weights contained in building 
codes and hand books. Their action is well known. 

But, when starting to analyze earthquake stresses in structures, we are 
on the wrong track—because there are no such stresses. This statement 
needs explanation as it sounds unbalanced in view of the damage done from 
time to time by earthquakes. Suppose a ball of fragile material were 
rolled along a smooth floor and it met an unyielding obstruction, for in- 
stance a masonry wall, and it broke, what agency would be directly respon- 
sible for its destruction? Of course the inertia of the ball itself, that is, 
its tendency to continue in motion. It is quite true that indirectly the 
setting in motion of the ball is originally responsible, but not directly so, 
as it happened at an earlier period of time and its direct effort or power 
imput on the ball had been concluded. Therefore, when analyzing a struc- 
ture as to its resistance to stresses produced in it by earthquakes, this 
must be borne in mind and the inertia of the structure itself used as a 
basis rather than the earthquake shock itself. 

We all know the trick of pulling a cloth off a table set with the 
usual china and glass service, removing it by one quick pull and leaving 
the service on the bare table in the same position it had on the cloth. Why 
did it not follow the table cloth and fall off the table? Because of the 
inertia, or tendency of each piece to remain at rest, and the failure of the 
rapid pull to transmit itself to the pieces with sufficient strength to over- 
come this inertia. But had some of the pieces been stuck to the table 
cloth, glued for instance, they would have followed the cloth. This bears 
out a great principle in the design of earthquake proof structures: 

Do not anchor them; cut them off from any subsurface structure as 
near the ground as possible. A conclusive proof of this is shown by the fact 
that structures most damaged are those on pile foundations, those having 
deep basements and those founded on rock. 

But it is not always possible to do away with basements, nor is the 
ground always solid enough to permit spread footings. True, but in such 
cases finish off the basement at or near the ground level and start on it 
with a new foundation for the superstructure. Therefore, the first rule 
will be: 

Separate the subsurface work from the superstructure, 
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However, the superstructure of a large building is heavy, and the 
friction coefficient between the two surfaces in contact at the ground level 
is so great that a considerable force will be transmitted, and this intro- 
duces the second rule: 


Provide an elastic layer between the subsurface work and the super- 
structure. 


The best insurance would be to introduce roller bearings, similar to 
those used for steel bridges, but a layer of pit-run gravel will do, provided 
it is so confined that it will not run out. In concrete buildings such a 
layer must be covered by a built-up composition roofing before any concrete 
is cast upon it, so as to prevent grouting the layer. Even with these pre. 
cautions, it is impossible to eliminate entirely the transmission to the 
superstructure through friction of part of the horizontal force acting on 
the substructure, but same can be reduced in proportion to the elasticity or 
flexibility of the joint. 

In the design of the substructure several important points must be 
observed such as the tying together of all foundation piers, the bracing of 
foundation walls, and in all possible ways insuring the fact that the differ- 
ent parts will move and act as a unit. This is easily done through the 
introduction of heavy reinforced-concrete walls so designed as to produce 
a cellular structure of great strength. In places where earthquakes of 
great severity occur and the disturbances in the crust of the earth are 
considerable, I believe it to be advisable to secure relief by building the 
foundation walls in the form of heavy piers, with thin slabs in between; 
these slabs to be so designed as to break and to permit a cavein of the 
ground, thus relieving the direct pressure on such walls. This will not 
lessen the energy imput on the structure, but will safeguard against col- 
lapse of the subsurface work. 

It is impossible to eliminate entirely the transmission of at least a 
fraction of the force of the superstructure. In order to understand better 
the stresses to be expected in a structure due to this force, we shall use as 
an example a building with basement placed on a pile foundation and with 
sub- and superstructures rigidly connected. We shall also assume that the 
building is of good design and built as nearly monolithic as possible. 

We also know that an earthquake tremor is not like a wave action on 
a rough sea, but rather like an alternating electric current, that is, it has 
an oscillating movement. During the first period this movement is for- 
ward, i. e., away from the earthquake center or origin. Passing through 
the earth it encounters the pile foundation and the other parts of the sub- 
structure, moving them along with it. Due to its inertia the superstruc- 
ture is unwilling to be set in motion and resists until a force large enough 
has been created to make it move. It starts its forward movement and it 
is an accelerated motion gaining in momentum. 

Then the second period starts and the direction of the earth movement 
is reversed and with it the foundation and the basement of the building. 
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But the superstructure, due to its inertia, tries to keep up its forward 
movement and continues to do so until a large enough force has been pro- 
duced by the earth movement to absorb its energy and to bring it to a 
standstill, when the superstructure also starts a reverse movement. Due 
to this “lag” in movement a “fanning” action is produced and the sway 
of the building becomes greater and greater until it collapses or is dam- 
aged sufficiently to become more or less elastic at a certain level. 

From the above it is obvious that the stresses such a building is sub- 
jected to are far greater than the actual earthquake force acting on its 
substructure, and is also a function of the duration of the tremors. It is 
also evident that the inertia of the building and the location of the center 
of its mass are important factors in the determination of the stresses it is 
subjected to. If this were not the case the stresses produced in all struc- 
tures, large or small, would be the same inasmuch as the earthquake force 
is the same for all of them. This is also borne out by the fact that low, 
spread-out structures suffer less than tall and narrow ones. Obviously the 
third rule becomes: 


Place the center of the mass of the building at as low a point as 
possible, 


As the mass is the weight divided by g (32.16), this rule can be 
interpreted to mean making the lower parts of a building heavier than 
required by the dead- and live-loads above and also using lighter materials 
in the upper portions than in the lower ones. But I believe in a much 
more effective way than that, one that will not be readily approved by the 
building departments of this country, but which has already been used in 
the design of the Imperial Hotel in Tokio, one of the few buildings to 
come unscathed through the recent earthquake. We all know that the 
live-load requirements of the customary building codes are far heavier than 
they need be. In a hotel room, for instance, a live-load of 40 Ib. per sq. ft. 
is stipulated and all that room will ever contain is a bed, a dresser, a few 
chairs, a table, a trunk or two and one inhabitant and his guests. As 
guests are not usually received in bedrooms, it is a fair assumption to 
limit the total number of occupants to four, or in all a live-load of 10 Ib. 
per sq. ft. in a room about 10x 12 ft. in plan. 

Actual live-load conditions in office buildings and apartments are about 
in the same proportion. Furthermore, the higher a building, the less the 
chance of heavy loads on its upper floors. Therefore, lessen the live-loads 
on the upper floors, using a sliding scale. 

Permissible unit stresses in building materials are also such that they 
can be increased materially without endangering a well-built structure; 
and they should also be changed in accordance with a sliding scale. 

These changes will result in a building with its center of mass as low 
as possible, without having to use wasteful methods in providing material 
only for the purpose of making heavy the lower portions. Furthermore, 
the use of such extra material should be avoided on the ground that they 
increasé the mass and consequently the inertia, thus increasing the stresses. 
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Obviously, heavy roofs should be barred as they place a heavy load at 
the top of a building. In Japan and in the old Spanish type of houses in 
the Philippines, heavy roofs have caused much damage by being supported 
on frame structures, entirely too weak to hold them after they once have 
been set in motion. 

So far nothing has been said as to the magnitude of the earthquake 
force, and this is a subject on which it is impossible to generalize. Each 
earthquake center has its peculiarities with respect to geological forma- 
tion, location of faults in the earth structure, depth at which the shock is 
transmitted, etc. The only correct method is to get all available earth- 
quake data from the nearest observatory and from the accelerations and 
amplitudes compute the maximum force on record and then, if thought 
advisable, increase same to cover possible conditions of a severer nature. 

Any fault lines in the formation should be carefully determined, as 
settlements are most likely to occur along these. No structure, of what- 
ever nature, should ever be permitted to straddle such a fault. I know 
of one city in an earthquake center, where the main water supply pipe from 
the reservoir to the city crosses such a fault. Should a severe earthquake 
occur the city water supply would be cut off. 

This opens up a closely allied subject and one based on the fact that 
most of the damage done in a city is not so much due to the earthquake 
itself as to the numerous fires it creates. Modern cities have electric con- 
ductors, gas mains, gasoline filling stations and numerous automobiles and 
trucks with gasoline in their tanks. Earthquake-proof construction, there- 
fore, goes hand in hand with fireproofing and fire prevention and in order 
to make a community more or less earthquake-proof, these details should 
not be overlooked. 

For instance, a gas main should never be run directly into a building 
and cemented into any subsurface wall. It should be looped both outside 
and inside the building thus leaving opportunity for expansion, contraction 
and distortion of the ground without breaking it. It should run into the 
building through a large hole packed with elastic materials and flashed 
with more or less flexible membrances on both sides of the wall. 

After the probable movements of a building have been determined and 
the forces acting on it calculated by using the inertia of the entire super- 
structure, these forces must be applied on the structure in proportion to 
the distribution of its inertia. Here it must be observed that the upper 
portions will have larger gyrations than the lower ones so that this dis- 
tribution will by no means be uniform, as in the case, for example, with 
wind loads. 

To design a structure which will have a fair amount of resistance to 
stresses produced in it by earthquakes is by no means difficult. As to the 
material most to be preferred, nothing can compare in strength with well- 
built reinforced concrete, During my many years of residence in Manila, 
P. L., it has been a privilege to design and build a number of structures 
and to try out different theories. My only regret is that during my stay 
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the not infrequent earthquakes experienced were of minor importance and 
no damage could be detected in these buildings. In the designs have been 
incorporated a flat-slab floor system in a two-story building, a combination 
of structural steel with cast walls and floors in a three-story building, a 
five-story office building with beam-and-girder floor systems, columns de- 
signed to resist lateral deformations, columns of naked structural steel 
with heavy outside concrete walls, floors with diagonal ties at corners to 
make the wall lintels work as fixed horizontal beams to distribute shocks 
attacking the building diagonally, reinforcing steel laid diagonally both 
ways in all floor slabs, floating foundations, on rock with gravel fill under, 
such on medium and soft ground, deep pile foundations well tied together, 
interior walls of light materials having no structural strength, interior 
walls of concrete cast monolithically with the columns and outer walls, etc. 

Some day a lot of interesting material on the action of a severe earth- 
quake on these buildings will be available, and I hope to be able to make 
the examination personally and with the knowledge of the assumptions 
which served as a basis for the design, draw the conclusions. 








EARTHQUAKES AND THEIR EFFECT ON BUILDINGS. 


By Artuur L. Day.* 


Before I may talk with you about building for protection against 
earthquakes it is necessary for me to explain that I am neither architect 
nor builder; that I probably shall miss many features of technical descrip- 
tion which you might be led to expect from me; but that I have had a 
number of years of experience of the study of earth movements, and it is 
of these that I should like to speak. 

The earth is an.ancient edifice a few hundred million years old, and 
it is generally agreed that at one time the surface was hot. It is also a fact 
of common observation that the materials which go to make up that part 
of the earth with which we are acquainted are very heterogeneous. The 
rocks are of many kinds with different elastic constants, and different 
expansion coefficients; they have been cooling to their present condition 
through a long period of time, so long that probably the important stages 
of the cooling operation have pretty well escaped our observation. Never- 
theless, we are dealing with a structure, and all engineers will speak the 
same language in considering a structure as heterogeneous as the earth; 
they will have the same expectations of weak spots in such a structure, 
the adjustments of which, as it grows older require some attention if we 
are to live safely upon it, because such adjustments will inevitably result 
in strains and ruptures here and there. We recognize mountain ranges as 
the result of some such operation. Most of the mountain structures that 
we know were built long before our time so that the operation of mountain 
building is not accessible to us. Nevertheless, there are adjustments going 
on within this earth structure today in the same fashion in which they 
were going on a few million years ago, although probably of very much 
lower intensity and smaller magnitude now than then. 

It is entirely possible to study the earth in the same way that you 
would study any other great structure. You can tell where the weaknesses 
are, partly by looking for cracks, which you will find in plenty, partly 
from the differences in the elastic behavior of its materials when an earth- 
quake disturbs them, and partly from the wide differences of temperature 
near the volcanoes and those regions which are still activeiy in process 
of alteration. Under all such conditions the weaknesses of the earth 
structure become accessible and our attention is properly and normally 
directed to them. 

Geologically, the west coast is new and the east coast is old. In 
terms of earthquakes the west coast has felt a severe shock every twenty- 
five years or so since history began to be written in that region; the east 
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coast has had no more than three such shocks in the 250-odd years for 
which records exist. Moreover, the earthquakes of the east are usually of 
lower intensity than those of the west. For these reasons the west coast 
has attracted the attention of students of earth movements. The report 
of the California Earthquake Commission (Prof. A. C. Lawson, chairman) 
published in 1908 represents a most careful study of the great earthquake 
of 1906. A year ago the Seismological Society of America published a 
fault map of California. That fault map gave a surface representation 
of the State of California with the structural cracks or faults, so far as 
they are known, marked upon it. 

The geologists have also recorded the fact that California has a 
curious geological history. They tell us that the Sierra Nevada Moun- 
tains, some 14,000 ft. high, have moved vertically no more than 1,000 ft. 
during their recognized geologic history. They tell us also that the Coast 
Range Mountains have at times been as much as a mile below the level 
of the sea and at other times have reappeared somewhat as they are now, 
and that four or five of these up-and-down movements have probably 
occurred. Those of you who read the report of the California Earthquake 
Commission after the earthquake of 1906 will recall the statement made 
by Professor Lawson, with the full authority of all the geologists collabo- 
rating with him, that the west coast of California had behaved something 
like a trapdoor, moving about the Sierra Nevada Mountains as a hinge, and 
that this was readily proven by the fact that marine fossils were found 
which could only be there as a result of exposure to the sea, and alternating 
with these were found layers of sand and clay, which could be deposited 
only by the erosion of nearby mountains. If we have a structure showing 
“so much evidence of movement as the west coast does, it is plain that we 
have a right to expect and to look for signs of the structural weaknesses 
associated with these movements of the past, which, fortunately, are not so 
violent now as then. 

When the Seismological Society published its map of California with 
the faults indicated upon it a great many of these cracks were pointed 
out, the longest of which, the San Andreas fault, extends from near Cape 
Mendocino in the northwest to the Mexican boundary, something over 600 
miles. All of these cracks are substantially parallel to the Sierra Nevada 
Mountains on the inside and the continental shelf on the outside, which, 
thirty or forty miles beyond the coast line, drops down some 12,000 ft. 
along a line which also is nearly straight and parallel to the Sierra Nevada 
hinge, leaving more than 25,000 ft. (5 miles) between the bottom of that 
shelf at sea and the top of the Sierra Nevada Mountains. Considered as a 
structure you will see from this that the state is badly loaded. Inside is 
the great mountain range with many parallel cracks between it and the 
coast line, while beyond the coast line the contour breaks sharply a little 
way beyond the present shore. 

From the written history of California we learn details of the indi- 
vidual movements in the southern part of the state. There is a record 
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among the Spanish missionaries of an earthquake of great severity as far 
back as 1769. There was another great earthquake in the southern part 
of the state in 1812, when two of the fine old Spanish missions of Cali- 
fornia, distant as much as 175 miles apart, were destroyed at the same 
time. In 1857 there was an earthquake in the region of Santa Barbara 
itself, which destroyed the Santa Barbara mission and other structures in 
the southern part of the state. Fortunately, during that early period, 
there were very few inhabitants in these regions. In the northern part of 
the state, recalling to mind only the later earthquakes, there was the 
Haywards fault earthquake east of San Francisco in 1868, and the de- 
structive “San Francisco earthquake” along the San Andreas fault in 1906. 
It is characteristic of a structure broken by strain that when the strains 
which cause the break are relaxed time must be given for the accumula- 
tion of more strain before further movement is likely. Therefore, inasmuch 
as we are dealing with elastic materials (rocks) of great heterogeneity, of 
great differences in temperature, in a region which already has been strained 
beyond the breaking point at many locations, we have to expect further, 
more or less periodic displacements. 

It is not difficult to say to you as engineers that the points of greatest 
weakness can now be pointed out and so designated. Then it is not going 
to be very difficult to tell where the next earthquake is likely to occur. 
From our present knowledge no one will attempt to tell when it is likely 
to occur any more than you could tell from a man-built structure, which 
was known to be dangerous, just when it would fall under the forces 
which it should commonly resist. So it probably will be a long time before 
the occurrence of earthquakes will be predicted, but it is not very far to 
the point when we can predict with reasonable accuracy where they will - 
oceur. The prediction of earthquakes in place fixes upon us definitely the 
responsibility of seeing to it that buildings on those spots are so con- 
structed as to sustain the shocks which are liable to come to them. 

lf one of your number had spent years in building apartment houses 
on the granite hills of New England and were suddenly to transplant his 
energies to Florida where no rock is to be found, I dare say he would not 
hesitate a minute in revising his scheme of building so as to provide the 
kind of foundation most appropriate for the Florida location. But I doubt 
whether the same individual upon moving from Florida to California would 
ever stop to ask whether the site of a proposed building happened to be 
near a known earthquake fault. That is the present day attitude toward 
the earthquake danger. We are at present almost criminally careless about 
the earthquake risk, both the character and the amount of it. It is possi- 
ble to appraise this risk to a certain extent. We know the kind of thrust 
that an earthquake brings. The Seismological Society has pointed out the 
faults in California from which the elastic vibrations are likely to take 
their origin. Vibrations, we know, are transmitted longitudinally and 
transversely. If the fault be located and one knows that vibrations pro- 
ceeding from it will be oriented in two directions, one a perpendicular 




















EARTHQUAKES AND THEIR EFrFrect ON BUILDINGS. 75 


thrust and the other a transverse vibration, one has a certain amount of 
information of immediate possible application in the building of near-by 
structures. We know also the amount of displacement recorded during 
the several earthquakes of which California bears the record. There is 
therefore nothing but psychological inertia behind the failure to recognize 
these conditions and the will to meet them to the extent of existing 
knowledge. 

Nevertheless, the situation does not always work out so simply. In 
1798, Spallanzani, an Italian traveler visiting Messina, which had been 
completely destroyed in 1783, wrote down as good a rule for earthquake- 
proof structures as I have ever read. He said that in order to meet the 
horizontal thrust directed at the base of a structure, it was necessary 
either to provide that the entire structure move as a unit under the thrust, 
or that it have elasticity enough to carry the thrust from its own center 
of gravity when the shock came. He advised against building structures 
more than two stories high (at that time of course the steel structures of 
today were not known). The brick buildings of that day and those of 
stone above two stories in height he knew would be dangerous in the 
severe earthquakes that visit the Calabrian Straits. He also recognized _ 
the increased danger to all structures erected upon the sandy shore. He 
then gave plain warning to those who should rebuild the city of Messina 
that certain building rules must be observed. The city of Messina has 
since been rebuilt and again destroyed, and it is now being rebuilt for the 
third time. Without wishing to speak too positively of a situation which 
I have not seen within the last five or six years, I venture to say that the 
structures of the third rebuilding will differ little from those which were 
in the mind of Spallanzani and against which he warned. 

I was in Santa Barbara on the day after the earthquake of last sum- 
mer, and, with Professor Willis, was summoned by telegraph to San Fran- 
cisco to speak before the Chamber of Commerce of that city, which was 
considerably disturbed by this severe earthquake which had just visited the 
coast. The room in which the meeting was held was packed to the doors 
and everyone was tremendously interested. It was possible in that atmos- 
phere to speak quite plainly, and we spoke quite plainly. The damage at 
Santa Barbara was not so much due to the violence of the earth movements 
as it was to poor building. The earth movement recorded at Santa Barbara 
was small compared with certain of the great earthquakes, notably that of 
San Francisco in 1906. That observation has since been corroborated by 
many architects and engineers. We said also that this earthquake had 
brought home a most severe lesson to San Francisco. After the great earth- 
quake in 1906, the city building code was revised to insure an increased wall 
strength through which to meet horizontal thrusts. There was no method 
then known to accomplish this except in terms of wind load, and so the 
wind-load specification was raised in 1907 from 15 lb. to 30 lb. per sq. ft. 
In 1925, however, it is rather curious to note that without anybody being 
able to tell just when, why or how, the wind load had somehow found its 
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level at 15 lb, again. In addition to that, the allowable limit of maximum 
load for structural steel had also been increased in the meantime 124% per 
cent, so that San Francisco, on that day of our visit last summer, was 
less well prepared to meet another shock of severity such as it had once 
been through, than it was in 1906. 

There is a good deal of other local movement on the west coast which 
is real. One of the first things we did when the Carnegie Institution 
began studying earth movements in California was to invite the U. S. 
Coast and Geodetic Survey to lay a network of primary triangulation over 
that state of such extent and precision that no surface movement would 
escape attention. The reason why this was done was because after the 
earthquake of 1906, although it showed horizontal displacements amount 
ing to as much as 20 ft., no one knew positively from any surveys then 
made whether one side of the fault moved north and the other side moved 
south, or whether both sides moved north or both moved south in different 
degrees. All we knew was that there had been movement along a well- 
marked fault plane. The base line to which the surveys of that time were 
referred was itself within the zone of movement. Because of this unforeseen 
circumstance we were not able to tell what the movement was after the 
shock of 1906. Accordingly, in the formulation of the new plans four 
years ago provision was made for a double line of triangles from the 
vicinity of Reno, Nevada, which is believed to be within the zone of 
greatest stability opposite San Francisco, down to San Francisco Bay, 
thence southward along the coast to the Mexican boundary and eastward 
into the Colorado River Valley, which is again a region of great stability 
geologically. 

Among other facts revealed by that survey was one of outstand 
ing interest, in view of the disturbance at Santa Barbara last summer, 
namely, that the mountain station at Gaviota in the Santa Ynez Range, 
just northwest of the city of Santa Barbara, had moved northward about 
24 ft. since the last survey of that region, a little over thirty years 
ago. If that means anything in terms of elastic materials it means an 
accumulating strain, and if earthquake theory or experience can aid at 
all in its interpretation such strains will eventually reach the elastic limit 
of the material and an earthquake will result. The purpose, then, of 
earthquake studies in that region is to ascertain the direction and the rate 
of accumulation of stresses in the rocks that compose the region, to ascer 
tain with certainty where the strains are accumulating most rapidly and 
so to tell where the danger zone lies. That, together with the knowledge 
we have of the existing faults of the region, will indicate to us what we 
may expect in any particular spot. Santa Barbara has served to remind 
us in the most convincing manner of these structural weaknesses and of 
their danger. 

Nevertheless there is a considerable amount of mental inertia here 
which must be recognized. The suggestion that it might be not only 
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important but actually profitable to study these stresses and zones of 
weakness were very welcome for several weeks after the earthquake, but 
now, within the year, people have drifted back to the old attitude which 
was perhaps best presented to me by a member of the Chamber of Com- 
merce of Los Angeles when I was invited to address that body on this 
subject some four years ago, “I should like you to understand,” he said, 
“that the only earthquakes in California are San Francisco earthquakes.” 
Within the last few days there has come to my desk a letter from a 
well-known citizen of Santa Barbara which contains these words: “Re- 
marks about the earthquakes of California and the probability of having 
more in the near future are doing the state of California, and particularly 
the communities which have passed through a serious quake, a lot of 
harm.” 

It is difficult, extremely difficult, in a community which wishes to look 
the other way, to provide for safety in building structures. It is not so 
difficult in a region which is less in danger to call attention to the same 
thing. The largest correspondence I have had during the last year has not 
related to Santa Barbara or to California at all, but to the possibility of 
dangerous earthquakes visiting New England or New York. There appears 
to be downright apprehension lest an earthquake upset the east coast or 
some part of it as it has the west coast recently. That question, which 
quite naturally occurs to many who are not geologists and it may occur 
to any of you, may be quite frankly answered. This coast geologically is 
old, and its adjustments are mostly in the past; they have occurred, and 
the structure, in consequence, is now reasonably stabilized; no great faults 
are known to be active in this region to the east of us. Last February a 
year ago, in the Saguenay River region, Canada, an earthquake disturbance 
occurred in which several buildings were more or less damaged, none of 
them severely. There was at Charleston, some years ago, an earthquake 
of very considerable devastating power, the origin of which has never been 
at all well known. Still earlier, in 1811, a major disturbance occurred in 
the Mississippi Valley to the south of us called the New Madrid earthquake, 
which is now being studied by Professor Macelwane, of St. Louis University. 

These cases are not so clear but there has been no evidence of accumu- 
lating strain and periodic release in these regions such as has been found 
on the west coast. There, the study of the earth movements has plainly 
revealed that where an active fault line is in plain view one must build 
in expectation of a thrust at the level of the ground or somewhere near 
the foundations of the structure. If the structure is high and its center 
of gravity can be established, its elastic constants must be appropriate to 
take up the vibration which will surely strike and often from a direction 
which can be pretty well forecast. On the other hand, if the structure is 
low, it 1s rather easy to provide that it shall move as a whole when the 
horizontal shock reaches it. 

In the report of the State Earthquake Commission of California in 
1908 there are accurate directions how to construct a building which shall 
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be proof against earthquakes and I know of nothing that has happened 
since which would detract from the truth of that description. A heavy 
cement foundation with a well-braced wooden structure bolted to it, with 
sheathing in place of plaster wherever possible, is probably earthquake- 
proof. These plain directions were adapted to the climatic conditions of 
California and would have saved any private householder, who chose to 
take advantage of them, the danger from an earthquake visitation. Never- 
theless, the number of such houses visible there today plainly indicates how 
little attention was actually paid to them. It is only possible to bring these 
things to your attention. It is your province, as architects and engineers, 
and not mine, to carry out the details of their application, and I dare say 
you will recognize the fact, if you have not come into personal contact with 
it, that if ycu are to build a structure on a foundation which is threatened 
with a horizontal thrust, that it is just as essential to take account of that 
thrust as it is to take account of the difference between mud and rock 
bottom for a foundation. 

I dare say any one of you could construct a building which would meet 
perfectly all the conditions which obtain in any of those known localities 
which are particularly subject to earthquakes. Nevertheless, it is not 
being done, though some promising things are contemplated. There is, just 
off the press, a new building code for Santa Barbara. In that building 
code there is very complete provision both for foundations and super- 
structure in buildings subject to earthquakes, and that building code has 
had the approval of the city. Furthermore, the city government of Santa 
Barbara has circulated this code up and down the coast for the benefit of 
all who may wish to take advantage of the studies which have been made 
at Santa Barbara. I think, therefore, that a recurrence of this experience 
which is to be expected, by virtue of the fact that the region nearby has 
been displaced by as much as twenty-odd feet in the last 25 or 30 years, 
will find Santa Barbara ready to meet it. It was not ready before. Such 
action is not only eminently praiseworthy but likely to have its influence 
up and down the coast from the Mexican boundary to the Oregon line. 























SEVEN YEARS OF EXPERIENCE WITH JOB CONTROL OF THE 
QUALITY OF CONCRETE. 


By Ropericx B. Youna.* 


In 1917, the Hydro-Electric Power Commission of Ontario, being con- 
fronted with a large construction program, became interested in better 
methods for the production of concrete. About this time too, they decided 
to abandon the practice of stating the quality of concrete in terms of its 
proportions and to substitute therefor a classification based on compressive 
strength at 28 days. 

Immediately after this was decided upon, there arose the question, 
“How, on any job, can the materials available be proportioned to give con- 
cretes of the different classes?” A study of the methods proposed up to 
that time showed none giving better than an approximate answer to this 
question, while laboratory tests, sufficiently extensive to furnish the desired 
information, seemed impracticable except for jobs of unusual size and 
importance. To the writer fell the task of finding a more satisfactory 
solution to this problem. 

At about this time, L. N. Edwards was carrying out his experiments 
on the surface area method of proportioning' and the writer was fortunate 
in being in a position to follow this work closely. To him, Mr. Edwards 
seemed the first investigator to appreciate the practical side of the problem 
and to have a method that was simple and workable. Unfortunately, his 
tests had been largely confined to mortar mixtures and his conclusions 
could not safely be applied to concrete without further experimentation, 
which was undertaken by the commission. But before this could be done, 
Professor Abrams published the first account of his discovery of the water- 
cement-ratio-strength relation.?. The practical possibilities for predetermin- 
ing and controlling the strength of a concrete offered by this, were at once 
seen and a little study convinced the writer that the conclusions of Abrams 
and Edwards agreed in all essential features’ and taken together, offered 
a simple and practicable solution to the problem of proportioning a con- 
crete to a predetermined strength. Laboratory tests carried out during 
the winter of 1918-1919 confirmed this view. 


EARLY METHODS OF PROPORTIONING, 


As a result, a method combining the ideas of both Edwards and Abrams 
was developed and tried out in the field the following summer. This 
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method,* while not now used by the Hydro-Electric Power Commission of 
Ontario, will be described at some length, because from it sprang the pres- 
ent method and because it was used on the first two jobs on which scientific 
control was attempted. In order to understand the basic principles of this 
early method, it will be necessary to consider the theories of Abrams and 
Edwards, on which it is based. 

Abrams claimed® that for concretes workable when molded, the com- 
pressive strength was related to the ratio of water to cement in the freshly- 
placed concrete mixtures, or to their water-cement ratio, each water-cement 
ratio having a corresponding compressive strength. 

Edwards found’ that when cement was proportioned according to the 
surface area of the aggregate and sufficient water was used to bring the 
mixtures to the same consistency, the resulting mortars had the same com- 
pressive strengths. It followed, therefore, that for mortars of equal 
strength and consistency, not only the quantity of cement but also the 
quantity of water must vary as the surface area of the aggregate.* 

By the surface area of an aggregate was meant the sum of the areas 
of the surfaces of the individual particles composing that aggregate, and 
this value was determined from its sieve analysis by the use of values of 
unit area derived from studies on sand grains of different size. 

To meet these conditions, recourse was had in the first case to the rela- 
tion that exists between strength and water-cement ratio in plastic mix- 
tures and in the second to the fact that the quantity of cement and water 
necessary to bring a mixture to a given degree of workability depends in 
part on the surface area of its aggregate. Accordingly concretes were 
proportioned to have a definite water-cement ratio and a fixed relation be- 
tween cement and the surface area of its aggregate. The data necessary to 
do both were obtained from a simple series of tests in which mixtures of 
the same consistency were made up, using different ratios of cement to 
surface area. The proper amount of fine and coarse aggregate was deter- 
mined by judgment or test, on the assumption that the best mix was one 
that contained the greatest amount of coarse aggregate and remained work- 
able. This gave mixtures with approximately one-third fine aggregate, 
which agreed with the ideas then prevailing as to best practice. 

In applying these data in the field, the total surface area of the batch 
was calculated, using the sieve analyses of the aggregates, their weights 
per cubic foot-in the condition in which they were to be measured, and the 
ratio of fine to coarse aggregate decided upon. The total surface area thus 
outained was multiplied by the cement area factor for the class of con- 
crete being designed. This gave the field proportions and if sufficient water 
was added to give the proper water-cement ratio, a mixture of a standard 
consistency was produced. If wetter or drier mixtures were wanted, water 
and cement were added or left out of the batch as necessary, keeping the 
water-cement ratio constant. Neither cement nor water was changed sepa- 
rately, but both together, and in this respect the method was different 
from any then proposed. 
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Another difference was the omission of the slump test, which at the 
time was beginning to have considerable vogue. This was largely because 
experiments showed it to be impracticable with the crushed rock aggregates 
and lean mixtures used by the commission. It therefore became necessary 
to develop a method of proportioning and control that did not depend on 
this type of test for its success and this was done. 


First FieLp APPLICATION OF CONTROL OF CONCRETE. 


This method of designing concrete mixtures was first tried in 1919. 
The commission was then building a small hydro-electric project known as 
the High Falls development. Measured by the amount of concrete, this 
was a small job—the total volume of all classes being about 6,200 cu. yd.— 
but because it was probably the first attempt to apply the new methods of 
proportioning in the field and also because of the lessons it taught, this 
piece of work merits a brief description.’ 

The main structures at High Falls were a gravity dam with sluice- 
ways and a concrete powerhouse. The equipment used for concreting was 
of the simplest. The bulk of the concrete, that on the dam and related 
works, was mixed with a portable mixer and placed by a push car trav- 
elling on a trestle; the concrete for the powerhouse was handled by a sta- 
tionary mixing plant on a nearby hill, from which it was distributed by 
chutes. The aggregate for the former was measured in wheelbarrows and 
for the latter in a simple charging bin. Much of the concrete was placed 
during the winter and the ordinary precautions of winter concreting were 
taken. The aggregate was a pit-run gravel containing an excess of coarse 
sand, mixed with crushed rock to improve its grading. 

Eighty-four groups of test specimens were taken during the placing 
of this concrete (Table I). The average strength as obtained from these 
tests agreed well with the design strength of the concrete but the indi- 
vidual tests were quite variable. To show the character of the variations, 
the results of the different groups, stated as percentages of the strengths 
for which the concrete was designed, are plotted in sequence in Fig. 1. 
For about a month the tests fluctuated closely above and below the design 
strength, from then on until cold weather set in they exceeded the design 
strength; they then took a sharp drop from which they were only begin- 
ning to recover when the job ended. 

The first group represents a period in setting the proportions during 
which no allowance was made for the moisture contained in the aggregate. 
The second represents the normal performance for this job, the third, cold 
weather operation when the cooler temperatures so affected the curing of 
the test specimens as to lower the results. The proportions and water- 
cement ratios of the last two periods were identical, and the only difference 
in concreting was in the heating of the materials before mixing. But the 
curing conditions of the test specimens were different in the two cases. 
When cold weather set in, it was difficult to maintain them at the proper 
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temperature in the temporary buildings in which they had to be stored, 
and it was impossible to protect them from the cold weather during their 
long journey to Toronto. Under these circumstances, it was felt that the 
specimens did not represent the concrete, it being undoubtedly of a better 
quality than the tests would indicate. 

Four conclusions were reached as a result of the experience on this job: 

1. It was possible to predetermine the proportions required to give 
contretes of a specified strength and workability. 
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FIG. 1.—-FIELD TESTS, HIGH FALLS DEVELOPMENT, 


2. The combined method of surface areas and water-cement ratio used 
on this job was satisfactory for this purpose. 

3. Test specimens should be kept at a proper temperature while cur- 
ing if they were to indicate whether or not concrete of the specified quality 
was being obtained. 


4. During cold weather, shipping test specimens long distances was 
impracticable. 


Seconp APPLICATION—THE NIPIGON DEVELOPMENT. 


The next work on which the method was used was in the construction 
of the Nipigon development*® north of Lake Superior. A small laboratory 
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was installed here, equipped for crushing the field specimens, and an ex- 
perienced concrete inspector was assigned to the staff of the resident engi- 
neer to run this laboratory and supervise the concreting. In this way it 
was possible to control the field testing and to have the inspection cover 
every detail from the materials to the finished concrete. 

The original construction required the placing of approximately 38,000 
eu. yd. of concrete. This was handled by two stationary plants equipped 
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FIG. 2,--FIELD TESTS, NIPIGON DEVELOPMENT. 


with overhead bins, measuring hoppers and twin mixers. The concrete 
was distributed almost entirely by chutes. 

Conditions were not ideal for applying any method of proportioning. 
The cement situation in the summer of 1920 was chaotic and it was neces- 
sary to use six different cements varying considerably in their character- 
istics. Sand was obtained from two different sources, a gravel pit and a 
sand pit. That from the sand pit was fine and micaceous, that from the 
gravel pit so dirty that it required washing. When available, the latter 
was mixed with the pit sand to improve its grading. ‘The variations in the 
materials were great, were difficult to anticipate and compensate for, and 
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added materially to the problem of proportioning the mixtures accurately. 
To further complicate matters, labor was inefficient and hard to manage 
and the job was being rushed. 

Concreting began in May 1920 and continued until June 1921. One 
hundred and seven sets of test cylinders were taken, the results of which 
are summarized in Table I and plotted in Fig. 2. As at High Falls, a fall- 
ing off in strength occurred during the cold weather. This was thought at 
first to be due to some other reason than low curing temperatures but 
when the strengths rose again in the spring, there seemed no other reason- 
able explanation. While every effort was made to cure the cylinders at the 
proper temperature, it was found to be practically impossible to do so 
under the conditions and with the facilities available. 

It was on this job that the practice of crushing one of each group of 
test cylinders when 7 days old was originally tried. It was found to give 
useful information and the practice has since become standard. 

The Nipigon development afforded the first opportunity to study the 
other factors entering into the quality control of concrete, that is the con- 
trol and handling of materials, mixing-plant operation, placing and curing, 
and as a result, the conclusion was reached that the design of the propor- 
tions was only one step and possibly a minor step, in the production of a 
quality concrete. Another important conclusion was that variations in 
the concrete were largely due to variations in the quantity of aggregates, 
particularly the fine aggregate, brought about by the methods used in 
measuring. 


THe CHIPPAWA-QUEENSTON DEVELOPMENT. 


During the same summer, preparations were made to apply similar 
methods on the Chippawa-Queenston development’ then under construction 
near Niagara Falls. A field laboratory was again installed and as at 
Nipigon, inspection was complete and included every step from the sources 
of the materials to the finished concrete. Concreting operations were not 
commenced on a large scale until November, 1920, but during the previous 
summer, scientific control was applied to minor operations in order to 
familiarize the organization on this job with the details of the methods 
to be used. 

An important outcome of this preliminary work was the decision to 
change the manner of stating water-cement ratio. Up to this time it had 
been the practice, as it is still the practice with most engineers, to define 
water-cement ratio as a ratio of volumes. But A. C. D. Blanchard, then 
chief field engineer of the Chippawa-Queenston development, suggested that 
water-cement ratio could be more conveniently stated as a ratio of weights 
and this proposal had so much+merit and appealed so strongly to those 
who were actually doing the proportioning that it was adopted. There 
has been no reason to regret this step. 

Excepting the Wilson Dam, the Chippawa-Queenston development is, 
we believe, the largest joh on which control of conerete has ever been ap- 
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plied, and in the size and diversity of the concreting operations, it is 
probably unique amongst big concreting operations. Briefly, the work con- 
sisted of an intake structure in the Niagara River at Chippawa, above 
Niagara Falls on the Canadian side, a screenhouse and powerhouse at the 
edge of, and in the Niagara River gorge, and a 12%-mile canal connecting 
the two. The screenhouse, powerhouse and intake were all of concrete and 
the canal was concrete lined for 74% miles of its length. Besides these 
major structures, there were a number of railway and highway bridges, all 
requiring concrete. The total amount involved was about 500,000 cu. yd. 


TABLE IIT.—ConcreTe PLACED ON CHIPPAWA-QUEENSTON POWER 
DEVELOPMENT. 


(Week commencing June 20, 1921) 


Cubie Yards 


Plant Placed 
I Sci cds aiicsicc a uabaceaaeeend s ase ome 1,162 
ih a a5 ona i, oheig- scale 4s4:tiee eae aie 68 1,319 
trucked vives bis Vicwwul GES DD cielo mos Caiviews 151 
TCIM Ea. 45 bi. scgcd ¥ be Sah g:s bitte a oe 6: 40 
Division IIT: 
Be NE IE oy 510 ciple iden: 010104 wtp as wor 998 
| SETS 5 a en aR eee 137 
ReOie ME ROIS Fi iy ib hp bie wleisieidis das 60's ois 1,131 
ES ree ee Pe 1,306 
ON ae, Coie are eae ar 1,866 
rt eee sind oat Ato: ee 
GRIEG 5 ns hs ccc cite cee ec es rt 336 
a OE Ea ae re 137 
Oe DY | ee er 219 
PO II IOI icici tds s cinwws bac b's 172 
I Mi RON Ls iy osu ie x; vale pias, «ulee ses 966 
Montrose Stationary Plant A .............. mS 1,381 
Whirlpool Stationary Plant .................... 4,787 
le SEE SAD COIS WES oe a a Re 18,278 


Concreting on the screen and powerhouses commenced in 1920 and con- 
tinued into 1922 when the installation of the first five units was completed. 
Concreting of the canal lining was begun in November 1920 and completed 
in December 1921. The former was handled by stationary plants, the latter 
by travelling as well as stationary plants, ranging in size from a central 
mixing plant with a capacity of 1,000 cu. yd. per day to small portable 
plants placing concrete at special points. Concrete was handled by chutes, 
buggies and by train; in fact the job offered such a variety of conditions 
under which concrete had to be handled that the method and plant used 
varied greatly for different parts of the work. 

The aggregates used were sand and crushed stone. The sand came 
from several sources, from pits nearby and from Lake Ontario. The stone 
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was a dolomitic limestone taken from the canal excavation and was crushed 
on the job. Cement came from five different sources and, as at Nipigon, 
varied in its properties. To add to these difficulties, the work was being 
rushed day and night, and with the exception of the chief field inspector, 
the engineering staff had had little experience with the methods used. 
Some idea of the magnitude of the concreting operations on this job 
may be gathered from the following: From Nov. 1, 1920, to Dec. 17, 1921, 
410,000 cu. yd. of concrete were placed, 379,000 cu. yd. of this being in 
1921. Of this quantity, 332,000 cu. yd. were deposited from May to Decem- 
ber inc., or at an average rate of 41,500 cu. yd. per month. The record 
day’s pour was 3,046 cu. yd. with 17 plants operating, the record week, 
18,278 cu. yd. and the record month, 63,362 cu. yd. An idea of the diver- 
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FIG. 3.—-FIELD TESTS, POWER HOUSE, SCREEN HOUSE AND RELATED WORKS, 
CHIPPAWA-QUEENSTON DEVELOPMENT. 


sity of operations is obtained from Table III, which is the record of con- 
crete placed during the week of greatest production. 

Referring again to Table T, it is seen that over 500 groups of test 
specimens were taken during the concreting of the Chippawa-Queenston 
development, and for convenience they have been arranged according to 
the major divisions of the work such as screen and power houses, canal 
and forebay, etc. While the intake, the later bridges and the extension to 
the screen and power house are part of the completed development, they 
were built after the plant went into operation and hence are more properly 
considered separately. 

In Figs. 3 and 4 are plotted the bulk of these 500 tests, Fig. 3 for 
the screen and power houses, Fig. 4 for the rock section of the canal. In 
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neither case has any attempt been made to segregate results by concreting 
plants, the tests being plotted in sequence irrespective of their origin. In 
studying them, therefore, it should be remembered that Fig. 3 includes 
results from three plants, closely situated, while Fig. 4 includes results 
from 19, of which 14 were travelling plants operating along the bottom of 
the canal, and that the tests were made by many different inspectors, few 
of whom had previous experience in taking and sampling concrete. Neither 
of these curves shows any appreciable dropping off in strength due to 
winter concreting, while in the case of the stationary plants of the screen 
and power houses, where conditions were favorable, the mean variation is 
much less than any previously obtained. 


SuRFACE AREA CALCULATIONS ABANDONED, 


The summer of 1921 saw the methods of determining proportions in 
the field considerably modified. The surface area calculations were dropped 
although they still formed part of the preliminary laboratory studies. 
This change came about gradually. At Nipigon, in 1920, it was found that 
the mixtures could be entirely controlled by regulating the water content 
and that only occasionally did there arise conditions requiring reedjust- 
ment of the basic proportions. The experience in 1921 confirmed this and 
showed further that when changes in the mixture did become necessary 
they could be made in the field without recalculating proportions, by re- 
storing the mixtures to their original consistency, adding or omitting 
cement and water as required to maintain the water-cement ratio for the 
class of concrete in hand. 


RECENT APPLICATIONS OF JOB CONTROL, 


During 1922 and 1923, control methods were applied to a number of 
jobs, including 7 bridges along the Chippawa-Queenston Canal. There was 
nothing about this work to warrant special mention. Probably the most 
important points bearing on the control of concrete brought out by these 
jobs were the desirability of having uniform materials and the importance 
of placing. 

During this same period, considerable thought and study were given 
to the design and economy of mixtures and certain experimental work 
conducted. As a result, methods of proportioning were modified and 
greater attention was given to the measurement of aggregate and to secur- 
ing uniform materials. Also the commission decided to experiment with 
the weighing of aggregate and in 1924 installed a plant of this type. The 
experiment has been a marked success both from the standpoint of control 
and economy. ; 

During 1924 and 1925 the methods at present in use by the commission 
were applied on six jobs, including the extension to the power house for 
Units 5 and 6 at Nipigon, on which the weighing plant referred to above 
was used. The test results for two of these jobs have been plotted as before 
in Figs. 5 and 6. The results here, as in the previous cases, have been 
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5.—FIELD TESTS, EXTENSION TO NIPIGON POWER HOUSE, UNITS 5 AND 6. 
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FIG. 6.—FIELD TESTS, EXTENSION TO POWER AND SCREEN HOUSE, UNITS 6 TO 9, 
CHIPPAWA-QUEENSTON DEVELOPMENT. 
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influenced considerably by local factors. At Nipigon, trouble developed 
with the cement. Two brands were used, one of which gave some 5 per 
cent less strength than the other. The result of this was noticed at once, 
but the cause was not definitely located for some time so that a remedy 
could be applied. The effect on the test results was to lower the average 
strength and to increase the mean variation. 

On the second of these, the extension at Queenston, the mixing plant 
was the same as used for the completion of the earlier work. The aggre- 
gates were sand and crushed rock of excellent quality and were measured 
by volume. The concrete was handled from the mixer to the work by 
chutes, several hundred feet long, and distributed, where necessary, by 
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FIG. 7.—DATA OF TABLE III, PLOTTED TO ILLUSTRATE CHARACTER OF TESTS 
MADE BY THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO IN OBTAINING 
INFORMATION FOR DETERMINING FIELD PROPORTIONS, 


buggies. Conditions on this job were favorable to uniform concrete as is 
evident from the tests obtained. 

Altogether the Hydro-Electric Power Commission of Ontario has at- 
tempted to control the quality of concrete on 22 jobs, one of which, the 
Chippawa-Queenston development was itself made up of a number of dis- 
tinct operations. Table II shows the magnitude of these and the variety 
of conditions which have been encountered. These jobs have included 
powerhouses, dams, retaining walls, concrete arch bridges, bridge piers, 
foundations and other works. They have included mass and reinforced 
concrete and the reinforced concrete has been of both heavy and light con- 
struction. They have included work done by the forces of the commission 
and work done by contract. And on these jobs there has been encountered 
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TaBLe II.—ConsrructTion OperRATIONS ON Wuicn Contrrot Metrsaops WERE 
APPLIED TO CONCRETE. 

















Con- 
: Dura- Bore in ‘ Type of Concreting Plant 
Name of Work Situation | Year | tion of | Struc- | Built by | Character of 
Built | Con- | tures Aggregate 
creting | ey. yd. Mixing Placing 
High Falls development | Mississippi 1919-20; 10 mo.| 6,210|/Hydro Pit run gravel |Portable and |Cars, chute 
River with crushed stationary and buggies 
rock added 
Boleees development: 
‘owerhouse........ Cameron Falls,|1920-21| 14 mo. | 38,060|Hydro Sand and evel Stationary (Chutes 
Nipigon River or crush 
DORR ihuiiniveeis Cameron Falls,| 1921 | 4 mo.| 11,400)Hydro |Washed Dit os Stationary {Chutes 
Nipigon River gravel 
Chippawa—-Queenston 
development: 
Screen and power- 
house, units 1-5... | é 1920-22) 24 mo. | 114,580|Hydro Sand and Stationary |Chutes and 
£5 crushed rock buggies 
Canal and forebay..|| 53 1920-21| 13 mo. | 310,740|Hydro _|Sand and . Chutes, trains 
g5 crushed rock and buggies 
Four bridges....... ES 1920-21} + | 18,060|/Hydro Sand and Portable and | Various 
i crushed rock {stationary 
: & , ; 
Seven bridges...... &§ 1922-23) f 11,280|Contract |Sand and Portable Various 
RF crushed rock 
MOUND, oh a ccs +0 2 1922 | 5mo.| 33,010/Contract {Mixed river Stationary Trains and 
gravel chutes 
Ranney Falls 
development......... Trent River /|1921-22}10mo.| 9,250|Hydro Washed pit run |Stationary {Chutes 
grave 
Dam 8 development... .|Trent River [1923-24 8mo.| 3,860/Contract |Pit run gravel [Stationary Care and 
chutes 
Dam 9 development. .../Trent River 1924 | 6mo.| 3,460|/Hydro Pit run gravel |Stationary (Chutes 
Extension to Nipigon 
powerhouse: 
Units 3 and 4...... Cameron Falls,}1923-24 9mo.{ 9,810|/Hydro Pit run gravel |Stationary {Chutes 
; Nipigon River 
Units 5 and 6...... Cameron Falls,|1924~25| 11 mo. | 10,720|Hydro (Sand and Stationaryt |Chutes 
Nipigon River | washed gravel 
Extension to Queenston 
powerhouse: ‘ 
Units 6-9.......... Niagara River |1923-25| 27 mo. | 52,010|/Hydro Sand and Stationary |Chutes 
crushed rock 
Hanna’s chute 
development......... MuskokaRiver| 1925 | 6mo.| 2,420/Hydro Pit run gravel |Semi- Cars and 
stationary chutes 
Virgin Falls storage dam |Nipigon River! 1925 | 7mo.| 2,830|Hydro Sand and Portable Buggies and 
crushed rock chutes 
Repairs to tunnel, To- 
ronto Power Company|Niagara Falls | 1925 | 3 wk. 2,230) Hydro Sand and Stationary 6-in. pipe and 
crushed rock trains 
Sunnyside tower footings|Toronto, Ont. | 1925 | 9 wk 860|Hydro Sand and Portable Wheel- 
crushed rock barrows 
4 MRT ES, SOUR PAN ad AD Ye: apa 640,800 





























* Includes 20 different concreting plants and included portable, stationary and traveling. 
t Individual jobs of different durations. 
¢ Aggregates measured by weighing. 














and 














CONTROL OF THE QUALITY OF CONCRETE. 93 


a variety of materials and equipment, and the personnel has included men 
sympathetic, men indifferent and men openly antagonistic to the methods 
and ideas on concreting held by the engineers of the commission. 

Table I summarizes the test results obtained on these jobs excepting 
only those for the bridges across the Chippawa-Queenston Canal, the results 
of which did not lend themselves to a summary. A study of this table 
shows that, in general, the average compressive strengths obtained were 
close to the design strengths. The exceptions are due to special circum- 
stances. For instance, at Ranney Falls, the principal cause was low tem- 
perature curing of the test specimens for no testing machine was available 
for this job and the field specimens had to be shipped to Toronto. As most 
of the concreting was done in the winter, low tests were to be expected. 
A contributing factor was an unsatisfactory aggregate, a pit-run gravel 
deficient in very fine sand, that segregated badly in handling and was hard 
to control. A similar aggregate affected the results on the developments at 
Dams 8 and 9, built in the same locality, although on these, constructed 
later, steps were taken to counteract its objectionable features. 

In the other case, the development at Hannas Chute, the pit-run gravel 
used proved more uniform and required less cement than expected. To 
have reduced the cement a half bag per batch, the smallest reduction which 
is ordinarily practicable, would with the small capacity concreting plant 
used, have required an undesirable reduction in the size of the batch, so 
that the mixtures were purposely over-designed. In spite of this a sub- 
stantial saving in cement was effected. 

The mean variation obtained for these jobs ranges all the way from 
2 per cent to 22.1 per cent, but the relative uniformity of the concrete of 
the different jobs is not reflected in the magnitude of these mean varia- 
tions. For example, the tests for the intake structure of the Chippawa- 
Queenston development show a mean variation of but 6 per cent, less than 
for the extension for Units 5 and 6 at Nipigon, yet the concrete on the 
former is known to have been more variable in quality than on the latter. 
On the three jobs, Ranney Falls, Dam 8 and Dam 9, the mean variations 
are in the order of the relative uniformity but the concrete at Dam 9 with 
a mean variation of 13.3 per cent was probably not as uniform as that at 
Virgin Falls with a variation of 15.1 per cent. The concrete on the ex- 
tension to the Queenston powerhouse was better than on the original con- 
struction but on neither of these jobs was the concrete more uniform than 
at Virgin Falls or on the extension for Units 5 and 6 at Nipigon. Thus 
a knowledge of the job and more particularly of the facilities for curing 
and testing the specimens is necessary in the interpretation of field results. 

We have referred in the first part of this paper to laboratory studies 
made prior to the application of scientific proportioning at High Falls. 
Such experimental studies have been an important feature in the develop- 
ment of the methods used by the commission. Each question as it arose 
in the course of the field work, has been investigated, and while it is im- 
possible to go into this work in detail, some reference to it is necessary in 








j 


nelmay TR 


Py ee 





ERNE RAS, poet AST MS AHH 





94 CONTROL OF THE QUALITY OF CONCRETE. 


order to give a proper understanding of the reasons for adopting the 
methods to be described later. 

Investigation of Proportioning Theories.—One of the earliest questions 
to be studied arose out of the controversy between Abrams, Williams and 
Davis regarding the water-cement-ratio-strength relation. 

At the same time, a study was made of both the surface area and 
fineness modulus methods of computing proportions. Reasoning further, it 
appeared that if by using surface area or fineness modulus, mixtures of a 
uniform consistency resulted, the cement and water would therefore, of 
necessity, vary in accordance with these factors no matter what the change 
in materials, if the mixtures were arbitrarily kept at a uniform consistency 
and water-cement ratio. It was thus possible to comply with the theo 
retical requirements of these methods without actually using them and the 
conclusion was reached that they were not therefore of particular impor- 
tance. In any case the water-cement-ratio-strength relation governed and 
was alone sufficient for proportioning mixtures. 

Another conclusion was reached, namely, that the proper function of 
these theories was for determining the best and most economical combina- 
tion of cement and aggregate for a given set of conditions, but since other 
factors besides strength needed to be considered in designing concrete, arbi- 
trary methods of proportioning such as these, should be used with caution 
and were, even for this purpose, of limited application. 


THE PROPER QUANTITY OF FINE AGGREGATE IN CONCRETE MIXTURES. 


The subject of economical mixtures brings up another point upon 
which considerable investigation has been and is still being carried on. 
The most economical concrete has long been considered one containing 
as much coarse aggregate as the mortar would carry, and the general 
practice has been to have one volume of fine aggregate for each two vol- 
umes of coarse. With aggregates measured moist, as in the field, this ratio 
gives mixtures in which the fine aggregate is less than 30 per cent by 
weight of the total inert material. In our early studies with the materials 
with which we were then dealing, this amount of fine aggregate was about 
as little as could be used and still have the requisite plasticity and for the 
first few jobs, therefore, the aggregates were arbitrarily proportioned on 
this basis. 

In our early experiments it was found that with average well-graded 
materials, the aggregates had to contain about 40 per cent by weight of 
sand in order to give test pieces free from pitting. It was also found that 
the less sandy mixtures, which were harsh working in the small quantities 
experimented with in the laboratory were quite workable in the large 
masses handled in the field. But in the field when workability was a mat- 
ter of special importance, it proved advantageous to increase the amount 
of fine aggregate over that ordinarily used and it was noticed that, con- 
trary to expectations, this did not always increase the cement used per 
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cubic yard of concrete. The point thus raised was so important that an 
explanation was sought and there has gradually developed an investiga- 
tion on the economics of concrete mixtures, which is still uncompleted. 

For the purposes of this paper we need to refer only to two points 
brought out by this investigation. The first is that for each combination 
of fine and coarse aggregate, there is a ratio for which the cement content 
of the concrete is a minimum and this mixture contains more fine aggre- 
gate than is required for plasticity alone. The second is that the sand 
content, except for very fine sands, can be increased several per cent above 
the minimum point without appreciable change in the cement content of 
the finished concrete. 


MEASUREMENT OF AGGREGATES. 


The measurement of aggregates has also been investigated. The pur- 
pose of measurement as applied to aggregates is to obtain the same volume 
of solids or absolute volume of material in each batch. With granular 
materials, the same measured volumes do not necessarily give the same 
absolute volumes, for the solids in a measured volume depend upon the 
method of filling the container, the grading of the aggregate, and in the 
case of fine aggregates, on the moisture content. Thus any volumetric 
method of measuring aggregate, no matter how carefully made, is liable 
to errors from these three sources. 

Our studies showed first, that volume changes of from 20 to 40 per 
cent could result when moisture was added to fine aggregate but in the 
field the error from this source would ordinarily be less than 5 per cent. 
Secondly it was probable that variations in grading caused errors equally 
as great as those due to changes in moisture and, thirdly, there would 
always be unavoidable variations in filling the céntainer, even in a propor- 
tioning plant operating under the best of conditions, 

Measurement by weight seems to be the only method whereby these 
errors can be eliminated, for since the specific gravity of an aggregate is 
practically a constant, its weight varies directly as the volume of its 
solids and the errors of measurement are those due to balancing the scales 
and to moisture in the aggregate. With a properly operated weighing 
plant, the former are very small, a fraction of 1 per cent in the experience 
of the writer, while the latter, unless absolutely ignored, causes errors of 
less than 1 per cent. 


PRESENT METHODS OF THE HyprRo-ELEcTRIicC PowER COMMISSION, 


The system of control.now followed by the commission starts with the 
raw materials from which the concrete is made. Cement is inspected at 
the mills prior to shipment and no cement is used that has not met all 
requirements of the specifications up to and including the 7-day mortar 
test. The aggregates are checked continuously for quality and grading, 
at the source of supply if possible, if not, when received, and the water is 
tested when it comes from a source of doubtful quality. 
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The second step in the system of control is the setting of the mixtures. 
The method used at the present differs from that first adopted; it depends 
upon the water-cement-ratio-strength relation alone and functions through 
control of the water. In practice it is carried out as follows: 

Before concreting commences, proportioning tests are made in the lab- 
oratory with the cement and aggregates to be used on the job in question. 
This is done on all but the smallest jobs, those of less than a thousand 
cubic yards of concrete. This series of tests consists of 5 or more groups 
of five 6x 12-in. cylinders proportioned to give at 28 days compressive 


TABLE IV.—Data OBTAINED FROM PROPORTIONING Tests—Jos A. 




















ial Cement, Water, Concrete, | Compressive w/C Camant. 
Seria per cent per cent Flow weight Strength, Ratio Ib. per eu. ft. 
No. Aggregate | Aggregate per cu. ft. | lb. persq.in.| by weight | of Concrete 
2032 25 11.3 165 151 4,650 0.45 0.277 
2033 20 10.4 170 152 4,030 0.52 0.233 
2034 17 9.4 14 152 3,460 0.55 | 0.205 
2035 14 9.1 151 151 2,790 0.65 | 0.172 
2036 1! 8.8 155 149 1,690 | 0.80 | 0.137 
2073 8 8.2 148 148 4 960 } 1.03 0.100 





Ratio of fine aggregate t to coarse aggregate: 40, 60 by seit. 
Fine aggregate: graded 0 to No. 4,8. A. 20, F. M. 2 
aggregate: graded No. 4 ta 1} in. round oe S.A. 0.7, F. M. 7.14. 





PROPORTIONING Datra—Jos A. 
State IN Canapian U U NITS: by Weight, Imperial Gallons. 


j "rs Bags Cement _ 
Desired | Cement, (871% lb. gross) 




















: | Be | 
Class of Compressive | per cent per cu. yd. of Concrete 
Concrete Strength Total Feito | eal of ‘Con An. i eis or ° 
at 28 days Aggregate | | In Test | Use 
sete yeenee 2.500 3.0 a te os eer 
B 2,000 14.5 | 0.75 6.4 | 4.6 5% 
Cc} 00 BA. toe 1. 28d 88 4% 
Sratep IN Unrrep States Ur nits by Volume, U nited States Units. 
A 2,500 ~ 13.0 1.02 7.6 Ti ° 5.6 
B 2,000 11.5 1.12 84 | 4°3 4.9 
c 1,500 10.5 1.27 9.6 7 i? 4.0 
Use for ratio of fine aggregate to coarse aggregate: 40/60 by weight. 


strengths covering the classes of concrete used by the commission. These 
test specimens are made in accordance with the standard requirements of 
the American Society for Testing Materials, excepting the proper con- 
sistency is left to the judgment of an experienced operator, no reliance 
being placed upon slump or flow tests, although the latter are usually made 
for purposes of record. 

The proper ratio of fine to coarse aggregate for these tests is decided 
beforehand. The best ratio is largely a matter of judgment and is based 
upon a study of the grading of the aggregates and a knowledge of the 
mixtures that have given economical and workably mixtures, with similar 
materials. 

These tests establish the water-cement-ratio-strength relationship and 
the cement content for the materials, consistency and proportions on the 
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job in question and from these are set, for field use, the limiting amounts 
of water and the probable cement content for concrete of the different 
classes. Such a group of tests and the field data derived from it, are 
given in Table IV. 

From these data the field engineer determines the final proportions. 
He first makes tests to find the moisture present in the aggregates and, 
if the materials are to be measured by volume, their weight per cubic foot 
under the operating conditions of the plant. Then from the size of mixer 
on the job and the class of concrete required, he calculates in turn: 

a. Quantity of cement per batch. 

b. Total quantity of water per batch. 

ce. Quantity of fine and coarse aggregate per batch. 

d. Quantity of water contained in fine and coarse aggregates per batch. 

e. Quantity of water to be added per batch. 

This done, one or more full sized batches are made up and observed. 
If the consistency appears too dry, cement and water are added, keeping 
the total water within the limits for the class in hand; if the batch ap- 
pears too wet, cement and water are left out in the same way. If the 
mixture seems harsh, the fine aggregate is increased, if sandy, a quantity 
is left out. These changes may require a readjustment of the cement and 
water to restore the consistency. As it is ordinarily impracticable to 
measure cement in smaller units than a half bag, these changes may also 
require a readjustment in the size of the batch. In other words, the field 
proportions are finally determined by trial and error, to meet the two 
requirements of a limited quantity of water and a suitable workability. 

From time to time these proportions may have to be altered to suit 
changes in the aggregates, but experience shows the need for this is not 
nearly so great as would be expected. Generally speaking, there is no 
necessity, either from the standpoint of control or economy, for redetermin- 
ing the proportions for each new lot of aggregate. Any differences in their 
characteristics of sufficient consequence to warrant altering the proportions 
will manifest themselves in the consistency, which may be restored by 
changes in the quantity of cement and water, or less frequently, in the 
quantities or relationships of the aggregates. 

Once or twice a day the engineer or inspector determines the moisture 
content of the aggregates and makes such changes in the quantity of 
gauging water as are shown necessary thereby. Ordinarily the moisture 
content of an aggregate does not differ appreciably from batch to batch 
although under certain conditions large variations are possible. Irregu- 
larity in moisture in the materials can usually be prevented or corrected 
for and should not be viewed as a necessary evil. When changes of any 
magnitude occur, they are immediately noticeable in the consistency of the 
concrete and can be compensated for by changing the water in the batch 
until the consistency is restored to the proper point. 

From this on, control takes the form of close supervision over the 
processes of concreting, that is the measurement of the materials, mixing, 
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placing and curing. Of these, our experience would lead us to place most 
emphasis on measurement of the water and aggregates and on placing. 
Means of accurate measurement must be provided in the concreting plant 
if uniform batches are to be obtained, for a high standard of workmanship 
alone will not be sufficient. In placing, workmanship is more important 
than plant. 

Few contractors or engineers see the structures they build after they 
are completed. If they did, there would be a more general appreciation 
of the importance of placing. A concrete structure may seem above criti 
cism at the time it is finished but in a few years every patch, every corner 
where the mortar collected will become visible to offer mute testimony to 
neglect in placing. And while concrete may be made to handle more easily 
and be more uniform and homogeneous by a proper choice of proportions, 
accurate measurement and adequate mixing, in the last analysis successful 
placing is a matter of workmanship and supervision, not of equipment or 
previous treatment. 


FIELD TESTING, 

There is one step remaining in the control of concrete as practiced by 
the commission which, though referred to, has not been considered as yet. 
This is the taking and testing of samples of job concrete as a record of 
performance and as a check upon the work. 

The commission places a field laboratory on all but the smallest of 
jobs. These field laboratories are equipped with a simple and inexpensive 
100-ton hydraulic press, sieves for both fine and coarse aggregate, scales, 
pans, measures, molds, heaters, etc. The total cost of this equipment in 
Canada, where most of it has to be imported, is less than $1,000. Interest 
and depreciation per job run about $200, a charge that is largely offset by 
the saving in express otherwise incurred in shipping test specimens to the 
nearest laboratory. 

Groups of test cylinders are taken periodically throughout concreting 
operations, the frequency depending on circumstances. ‘These tests are 
taken more often at the start of a job than after it is well organized and 
more often where difficulties are being experienced than when the work 
is running smoothly. On the Chippawa-Queenston development it was 
usual to take two groups of specimens a week from each plant, although 
a thousand cubic yards or more of concrete might be produced in this 
interval, while on small work, where concreting is not continuous, test 
groups are often required for every pour exceeding 50 cu. yd. 

In deciding upon the number of tests, it should always be remembered 
that testing is but a means to an end and that end is the dual one of a 
check upon the quality of the concrete and for purposes of record. Testing 
by itself cannot control the quality of concrete, That requires the regula- 
tion of the water content of the mix and the supervision of processes. The 
concrete is the thing and if the methods of control are giving a uniform 
concrete and if they and the aggregates do not change, a large number of 
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test pieces adds but little to the information that is to be gained from a 
few. On the other hand, if uniform concrete is not being produced, the 
test specimens which under these conditions can represent only a relatively 
small mass of concrete, would have to be taken in impracticable numbers 
to have anything like a complete record of the work. Naturally under the 
latter conditions, more tests should be made than under the former, but 
even so, it is of little advantage to take more than enough to establish the 
average quality of the concrete and its lack of uniformity. In fact it is 
always well to remember that the field inspector, who in most cases must 
make these tests, is better employed in inspecting the concrete and concrete 
materials, and that he cannot fulfil his proper function while making a 
multitude of tests. This is particularly true when conditions are un 
favorable, 

A group of test specimens consists of three cylinders, one of which is 
tested when 7 days old, the other two at 28 days. Whenever possible, the 
concrete from which the specimens are made is taken from the forms; when 
this cannot be done it is taken from the discharge of the mixer. Standard 
methods are followed in molding, curing and testing, particular care being 
taken in the matter of curing, for unless proper curing conditions exist 
the results are not indicative of the quality of the concrete, 

The curing of test specimens is a difficult problem in the field. It is 
easy to provide damp storage but it is not so easy to maintain the required 
temperatures, particularly in cold weather. Even in heated buildings of 
permanent construction, the temperature will drop at night and in the 
usual temporary building in which a field laboratory must be housed, it is 
practically impossible always to have the proper temperature during cold 
weather, Under such conditions, the best that can be done is to minimize 
the effects of adverse curing as much as possible and to allow for it in 
interpreting the results. 


INTERPRETATION OF FIELD TESTS. 

The interpretation of field tests is a matter of some difficulty, unless 
the whole facts of the job are known, If the tests meet specifications, all 
well and good, but if they are below, it is still possible that the concrete 
is satisfactory. In such ¢ases, the writer places more reliance on a knowl 
edge of surrounding conditions,—the time of year, the method of handling 
specimens, the type of plant and methods of concreting,—than on the actual 
test results. But while indications may point to the tests being at fault, 
it is never safe to assume that the concrete is right without an investiga 
tion into the facts, for the low test may be and often is, a warning of some 
undesirable condition that should be corrected, 

It is here that the 7-day tests are valuable, for while they are not as 
reliable an indication of quality as later tests, they yield information 
quickly enough to be of immediate use. 

A series of tests reflects not only the uniformity of the concrete but 


the methods of sampling, molding, curing and crushing the specimens, For 
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example, specimens cured at a uniform temperature such as would exist 
in an established laboratory, should be less variable than those cured in 
the field, and specimens made and broken by the average field inspector as 
a part of his many duties cannot be expected to be as uniform as the work 
done by laboratory experts. 

The mean variation of the tests will be affected by the number of 
specimens taken. A job on which but a few tests are made is liable to 
show a high mean variation if one or two of these are abnormally low or 
high, whereas if more tests were made, the effect of these exceptional 
results would be relatively less. The duration of the job is an even more 
important factor. In a job covering a year, the average strength of the 
concrete for the first six months may be lower or higher than for the 
second, although both may meet the specifications. This may be due to 
differences in cement or aggregates, to different curing conditions or to 
some other factor. The variations for either of these periods would be 
less than for the two periods combined and if the period of time was 
reduced still more, to say a few weeks, the mean variation should be lower 
still. 

What should the variation be for a well-conducted job? This is a 
difficult matter on which to express an opinion. The writer believes that 
on work extending over a considerable period, say six months or more, and 
so situated that field laboratories must be used, concrete of more than 
average uniformity will have a mean variation of from 12 to 15 per cent, 
and that under more favorable conditions such as where established lab- 
oratories are available, this variation should be below 10 per cent for 
equal concrete. On jobs covering periods of but a few weeks, the average 
variation should be still less, say from 6 to 8 per cent. 

Table V is offered in support of this opinion and as a comparison 
between the results obtained by the commission and by others who have 
attempted to control the quality of concrete on the job. In considering this 
table it should be remembered that, with the exception of the California 
bridges, every job was handy to a regular laboratory, and on the first seven 
jobs, the tests were made as an experiment to determine whether or not 
field testing and control were practicable. The testing on the latter was 
done by laboratory experts assigned to the jobs for this purpose only and 
on several, the tests covered but a part of the work on which they were 
taken. Under even these fayorable conditions, the resulting mean varia- 
tions are as high as 16 per cent. 

Both Tables I and V show for each job the percentage of tests within 
20 per cent of the average. This method of judging the uniformity of the 
concrete is subject to the same limitations as where the values of mean 
variation are used. In fact, as already intimated, there seems to be no 
factor which can be obtained from field tests which is more than an 
approximate indication of the uniformity of the concrete. 

The average compressive strength of a series of tests is not a measure 
of the control obtained although it is sometimes so considered, but only an 
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TaBLE V.—CoMPARISON OF FieLp Tests or Jos CONCRETE. 


Results obtained from different sources 





Class of Concrete, 





Period} No. of Field Tests: 28 days 
ome Speci- 
Name of Work Location Tests 28-day Design Source of Data 
were | Tests | Propor- St'gth, : ? 
Taken| Only tions 28 Je \%fai V | Vi 
days 

Building No. 10, |Camden, {11 wk.| 187 | 1:2:4 | 2,000 | 2,190 | 110| 16.6 | 80 | W. A. Slater and 8. 
Victor Talking Ma- |N. J. 10 wk. 80 1:1:2 | 3,000 | 3,930 | 131) 13.8 | 77 | Walker, Proceedings. 
chine Co. A.8.C.E., Jan., 1925 
Piers, Newark Bay Newark, 10 wk.| 225 | 1:2.4:3.6 | 3,000 | 3,150 | 105) 11.9 | 78 do. 
Bridge, Central R. R. |N. J. 6 wk.| 39 | 1:2:3 3,000 | 3,800 | 127) 11.5 | 79 
of N. J. 
Reinforced concrete | Brooklyn, 5 wk.) 76 1:5.5 1,650*| 2,130 | 129) 14.4 | 72 | J. G. Ahlers and 8. 
building, New York |[N. Y. | Walker, Proceedings, 
Telephone Co. A.C.L1., Vol. 20, 1924 
Addition to Stadium, |New York 1 wk.| 26 | 1:1.8:3.8 | 2,000*| 2,390 | 117) 8.2 |100 do. 
Polo Grounds Jity 
One-story addition New York 2 wk.| 46 | 1:1.9:4.0 | 2,000*| 2,180 | 109) 11.7 | 83 do. 
to building, Ward City 1:2.1:4.2 
Baking Co. 
Warehouse, Long Island | 1 wk. 16 1:5 2,200*| 2,260 | 103) 14.7 | 62 do. 


R. H. Macy & Co. City, N. Y 


Foundations of New York 2 wk. 15 1:4 2,400} 2,120 | 88) 7.5 | 94 do. 
building, New York {City 
Telephone Co 





Reinforced concrete | Montreal, 5 mo. 51 ae 3,000 | 3,000 | 100) 























6.7 |100 | By letter, A. C. Tagge, 
building, Canada Quebec 33 2,500 | 2,620 | 105) 5.1 |100 | Asst. Genl. Manager, 
Cement Co., Ltd. | Canada Cement Co., 

| Montreal 

Delaware River Bridge| Philadelphia, | ... 107 1:2:4 | 2,000 | 2,730 | 137 84 | A. W. Munsell, 

Pa. Proceedings, A.C.I1., 

Vol. 21, 1925 

Ross-Ade Stadium, Lafayette, 3 mo. 81 1:2:3 ..+. |3,210f| ...| 11.3t) 851] W.K. Hatt, Proceedings, 
Purdue University Ind. A.C.I., Vol. 21, 1925 
Four reinforced con- |New York | .... 23 | Various | 3,000 | 3,510 | 117] 9.7 | 91 | W. F. Welsch, 
erete bridges, Bronx | City 6 | Various | 2,500 | 2,670 | 109) 18.2 | 83 | Engineering News- 
Parkway Commission 3 | Various | 1,500 | 1,520 | 101) 19.5 | 67 | Record, Oct. 15, 1925 
Combined results oo eat Ne ee : 32 114| 15.7 | 88 
Seven highway bridges,|California | .... 58 1:2:4 ..e» | 3,740] ...| 10.8t) O1t| H. D. Miller, Engineer- 
California State ing News-Record, July 
Highway Commission 30, 1925 
Stadium, University [|Urbana, Ill. |4 mo.t] 27 | 1:2:4 1,550 | ...| 14.5t} 71. | W A. Slater and R. L. 
of Illinois 150 | 1:2 ates sees [2400]... 10.3f) 77 Brown, Proceedings, 














| | “a A.C.I.. Vol. 20, 1924 


fe = Compressive strength, lb. per sq. in. 
%Ja= Compressive strength in per cent of design strength /a 
V = Mean variation in per cent , 
Vi = Number of tests falling between 80 and 120 per cent of average compressive strength, expressed as a percentage. 


, , 4000 : . 
* Expected compressive strength at 28 days as given by formula S = ; a where S = compressive strength at 28 days in 
‘ 


lb per sq. in. and z= water-cement ratio (an exponent). 


; t These values obtained by scaling of published charts and not from tabulated lists of data, and consequently may be 
in slight error. 
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indication of the average strength of the concrete. If it approaches closely 
the strength for which the concrete was designed, then the basis for the 
design was correct, if not the design was incorrect. And by design strength 
is here meant the actual strength corresponding to the value of water- 
cement ratio used, which will vary with different materials and combina- 
tions of materials. When using the proportioning curves of Abrams, the 
field test should run several hundred pounds higher than the design 
strength, for these curves have been so chosen as to be safe under all but 
exceptional conditions and to do so they must of necessity be conservative. 
The commission’s practice is to design for the actual compressive strengths 
ealled for, and this is only practicable because of the preliminary tests 
made and the special experience they possess. It is not recommended as a 
general practice, although where it is possible to follow it, it will prove 
more economical than the other system. 


FIELD SUPERVISION AND REPORTS. 

We have already referred to supervision and inspection. The part 
this plays in successful production of a quality concrete should not be 
overlooked. Connected with each job should be a man who has a sufficient 
knowledge of the properties of concrete to know the effect of the different 
malpractices to which it is subjected during manufacture, and who knows 
of what good workmanship consists and how to get it. Unless the concret- 
ing operations are in the hands of trained and competent men, the results 
of attempted control are almost certain to be disappointing. 

In the commission’s practice, great reliance is placed on the trained 
and competent man. He is usually an inspector who forms a part of the 
staff of the resident engineer. He is ordinarily one who has first received 
a year or more training in the laboratory and who has been picked for 
outside work because of his temperament and personality. This plan has 
been found more satisfactory than choosing likely men from the field, 
giving them a short course of training in the laboratory and then returning 
them to the field, for a man whose first experience is on construction, 
prides himself on being practical and never rids himself of the notion that 
testing is child’s play and all book knowledge “high brow,” whereas the 
man first trained in the laboratory has a different viewpoint and when he 
has obtained the practical experience of the former, makes a far safer 
and more valuable inspector. He knows the material he is working with, 
is accustomed to use tests as a means to knowledge and learns more from 
his experience. 

A complete record of the concrete and concreting operations on a piece 
of construction is very desirable, particularly to an organization like the 
Hydro-Electric Power Commission of Ontario, which has to maintain and 
operate the structures it builds. It is almost impossible to have too 
detailed a record of the concrete but to get this may require an unreason 
able amount of labor to prepare. Its compilation usually falls on the 
inspector, but the primary object of an inspector is to inspect, not to gather 
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statistics, and therefore complete records and complete inspection are 
antagonistic objectives. 

This is a matter that has received a great deal of attention by the 
engineers of the commission, and they have adopted a practice midway 
between the extremes of complete records and no records. The inspector 
fills out a daily report sheet, requiring a minimum of clerical work in its 
compilation and designed to give a complete review of the concreting opera 
tions. Fig. 8 is an example of such a sheet. Besides this, the resident 
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FIG. 8.——-EXAMPLE OF DAILY CONCRETE REPORT USED BY HYDRO-ELECTRIC 
POWER COMMISSION OF ONTARIO. AS FILLED OUT, THIS REPORT IS FOR A 
CONCRETING PLANT USING WEIGHING EQUIPMENT FOR MEASURING THE AGGRE 
GATES, 


engineer of each job prepares a statement that gives a complete description 
of plant and methods used for concreting, covering such details as the han- 
dling of the materials, placing and curing the concrete and in winter work 
details of any special precautions taken to protect it from frost. 

The writer has found that this daily report, combined with a knowl- 
edge gained from one or more visits to the job, enables him to follow the 
progress of the concreting very closely, and to judge of the results being 
obtained. Also it furnishes a record of the work, which is sufficiently com- 
plete for purposes of reference at later times when for one reason or an- 
other the history of the concrete needs to be reviewed. 
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On a recent job the experiment was tried of putting a graphic watt- 
meter in the field laboratory and connecting it to the mixer motor. The 
chart obtained gave an indisputable record of the number of batches, of 
shutdowns and delays, of the time of commencing and finishing work and 
even of the mixing time of each batch and it was found to be a very useful 
addition to the records of the job and one which took almost no trouble 
to obtain. 


CONCRETE M1IxtTuRES SHOULD Not Be DESIGNED FOR STRENGTH ALONE. 


The purpose in designing mixtures is to insure the concrete having 
certain desired properties. Different conditions of service require concretes 
possessing different properties, as for instance compressive strength may be 
wanted, or watertightness or resistance to wear or weathering. A concrete 
may possess all of these properties to a high degree, but again, one or more 
may be almost entirely absent, and the presence of one is no guarantee of 
the presence of any other. Therefore, while it is necessary to rate a con- 
crete by its strength, the design of a concrete mixture should not be based 
on strength alone unless strength is the only consideration. If other quali- 
ties are important, then the engineer should make sure that the propor- 
tions set will give the qualities desired and this means that in determining 
the proper mixtures, he must do more than blindly follow a set of rules 
or take his proportions from a table. 


CONCLUSIONS. 

Briefly, reference only is made to what the writer believes are the 
principal lessons to be learned from the seven years’ experience of the 
Hydro-Electric Power Commission. These are: 

1. The field control of concrete on the job is practicable and profitable. 

2. The control of concrete on the job is applicable to work of all kinds 
and sizes. 

3. The control of the quality of concrete is not a matter of designing 
mixtures nor of following some particular theory but it involves every step 
in the production of concrete from the selection of the materials to the 
curing of the product. 

4. While the water-cement-ratio-strength relation is subject to varia- 
tions, with average well-graded materials, no other means than this is 
necessary in designing concrete mixtures for a given compressive strength, 
but economy demands that cognizance be taken of the grading of the 
aggregates. 

5. The concrete most economical in cement is not necessarily that hav- 
ing as much coarse aggregate as it is possible to use and still have its 
mixtures workable, but is usually one in which the sand is slightly in 
excess of this. The best combination of aggregate depends on the grading 
of both the fine and coarse aggregate. 

6. Of the several processes in the manufacture of concrete, the meas 
urement of aggregates and the placing of the mixtures are most important 
from the standpoint of quality. 
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7. Intelligent supervision of the materials and processes of concrete is 
essential to successful control of its quality. 

8. The results of field tests of concrete should be interpreted with 
caution and in light of the conditions under which they were made, cured 
and tested, and for this season comparison of field tests from different jobs 
is difficult. 


APPENDIX A. 
The following case has been worked out in detail to illustrate the 
method followed by the Hydro-Electric Power Commission of Ontario in 


the calculation of the field proportions of concrete. 
The conditions assumed are as follows: 


Information Source l cu. yd. 
Capacity of mixer Job plant *Class A 
Class of concrete Engineering drawings 3.4 per cent by weight 
Moisture in sand Field tests 0.5 per cent by weight 
Moisture in gravel Field tests 
Weight of concrete Proportioning data 152 Ib. per cu. ft. 
Table IV 
Ratio of fine to 40/60 by weight 
coarse aggregate do. 6 bags 
Cement per cu. yd. do. 0.68 by weight 
Water-cement ratio do. 


From the capacity of the mixer can be determined the weight of a wet 
batch of mixed concrete. 

Capacity of mixer—27 cu. ft. of wet concrete, 

Weight of batch — 27 x 152 = 4,100 Ib. 

This 4,100 is made up of: 


6 bags of cement 6 x 867 — 516 520 lb 
Water 520 x 0.68 = 354 354 Ib. 
Aggregate 4,100 — (520 +- 350) — 3230 lb. 
Of this the aggregate is divided as follows: 
40 per cent is sand 0.4 x 3,230 = 1290 Ib. 
60 per cent is gravel 0.6 x 3,230 — 1940 lb. 
The weight of moisture must be determined and corrected for: 
Weight of water in sand 3.4 x 1290 = 44 lb. 
Weight of water in gravel 0.5 x 1940 = 10 lb. 
The field weights therefore are; 
Sand 1,290 +. 40 = 1330 Ib. 
Gravel 1,940 +- 10 = 1950 Ib. 
Water 354 — 54 — 300 Ib. 


*See Table II for specification of classes used by the Hydro-Electric Power 
Commission of Ontario. 

tThe Canadian bag is 87% Ib. gross. The weight 86 Ib. is net, based on 
an allowance of % Ib. for the sack and 1 Ib, for cement left in the sack after 
emptying into charging hopper. 
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Hence the trial proportions if by weight are: 


Cement 6 bags 

Sand (Moist) 1330 lb. 

Gravel (Moist) 1950 Ib. 

Water 30 gal. ( Imp.) 


or 36 gal. (U.S.) 


If by volume, the trial proportions are: 


10, 


Assuming the weight per cu. ft. of the materials 
as measured at the mixer as being: 


Gravel 110 lb. 

Sand 80 Ib. 

Cement 6 bags 

Sand (Moist) 1,330+- 80— 16.6 cu. ft. 
Gravel (Moist) 1,950 4 100 = 17.7 cu. ft. 
Water 30 gal. (Imp. ) 


or 36 gal. (U.S.) 
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DISCUSSION. 


ALDEN C, SENSEL.—What is the relation between the strength of the 
specimens which are cured under very favorable conditions and the strength 
of the concrete in the mass, that is which is actually delivered on the job? 

Mr. YounG.—-I am afraid I cannot answer that. We have not taken 
cores of the conerete on the job. 

Mr. SENSEL.-How can you control the concrete in the mass, then, 
when you have varying atmospheric conditions, both as to temperature and 
otherwise? 

Mr. Younc.—lI do not hold the view that tests are to be taken as the 
measure of its quality when the concrete went in. You have to use your 
judgment afterwards. If you place it right and cure it right, if the in- 
herent quality is in the concrete, then, that concrete too must be alright; 
you may have more strength, in some cases than in others, but your concrete 
is right. 

D. S. Cotsurn.—My impression was that Mr. Young was making 
good laboratory specimens—-that was his aim. I want to raise the same 
point this man brought out; what is the relationship between these cyl- 
inders? He claims that when he took them a long ways he got a big 
variation, What is the relationship between them and the concrete in 
the job? 

Mr. YounG.—I think I have been misunderstood, because we consider 
the testing of the field laboratory specimens of secondary importance. 
The concrete is the thing, and if we are satisfied that the concrete is 
right, we do not care what the specimens show, particularly, but we do 
think that they are a measure, within reason. If you know it was right 
to start with and you have not abused it afterward, it is probable that 
the concrete is right in place. 

Grorae W. Hutrcuinson.—We have had occasion to drill’ pavement 
slabs and compare the cores taken from these slabs with cylinders from 
the same batch of concrete. About 27 projects were investigated contain 
ing a variety of materials and mixes, The average strength of the 6 x 12-in, 
cylinder was about 60 to 70 per cent of the average strength of the cor 
rected drilled core strength. I believe you are very well assured that the 
field concrete is stronger than that of the 6x 12-in. cylinder as far as 
average strength is concerned. The trouble, to my mind, is that the varia 
tion from the average is a factor much bigger than the average strength, 

We encountered extremes in this work and in one case the drilled 
core was 600 per cent of the strength of the laboratory cylinder cast from 
the same batch; the average variation in the conerete is around 100 per 
cent to 15 per cent in the cast core. I believe Mr. Young has put the 
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average strength and when you are in the field you must forget average 
strength other than designing it to be consistent with your design, and 
then regulate the variation in the field concrete by decreasing manipula- 
tion, and avoiding free water so that you can get it in place without 
segregation. Variation in general comes from segregation and improper 
proportioning and not from faults in design. 

STanToN WALKER.—In the tests carried out by the Joint Committee 
to which Mr. Young referred, I think there are some data which have a 
bearing on the relation between laboratory specimens and the concrete 
from the job, which are generally overlooked because they form such a 
small part of the data reported. Nine slabs were cast on the job and 
cured under job conditions. From the same batches, cylinders were made 
and cured under laboratory conditions. Cores were drilled from the slabs 
having the same ratio of diameter to height as the cylinders. Almost 
identical results were obtained from the cores as from the cylinders, Also 
columns were cast which were sawed into prisms and cylinders of height 
equal to twice the diameter. Again, very similar results were obtained 
from the columns as from the cylinders. The conclusion which Mr. Slater 
and I arrived at from a study of those data were that, in general, tests 
of laboratory cylinders are a very accurate indication of the quality of the 
concrete on the job. 

A. B. CoHen.—We are overwhelmed with data on the determination 
of the properties of concrete in the laboratory. What we need now, and 
I think our science has developed considerably in the last few years 
toward a better concrete, is an answer to the question: “How is the con- 
crete on the job and how is it acting under varying temperatures?” I 
think it is a very serious matter when we get to pouring concrete around 
40 deg. temperature. We look at the concrete and it seems to be in excel- 
lent condition. The concrete around 40 deg. temperature will show a very 
low strength and there is that difficulty or that possibility of stripping 
the forms, taking down the forms before that concrete has attained its 
strength. I think we ought to direct our efforts toward finding out what 
strength we can expect under temperatures around 40 deg. when much 
concrete is being placed. 

Grorce A. Smitu.—What method did you use in determining the 
workability of your concrete? 

Mr. Youne.—I would like to find somebody who could define and 
determine “workability.” I cannot do it. If you get concrete into place 
without pockets, without segregation and it handles properly, it is work- 
able. If you cannot, it is not workable. As far as the laboratory measure 
of workability is concerned, “there ain’t no such animal,” as yet. What 
we have in the flow table is an approximation of it. Ask a field man if 
three or four mixes of the same flowability but of different proportions are 
equally workable as far as placing is concerned, and he will probably 
say no, 
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A. E. Linpau.—The great lesson I have learned from Mr. Young’s 
paper is the fact that over a period of years they have tried to make a 
good concrete, gone about it in a logical and systematic way, and finally 
they succeeded by the simple process of getting a concrete that has a 
variation of 6 per cent in strength, as I understand it. In other words, 
they are approaching the goal of uniformity of concrete, which is one of 
the most important things we can handle and that we can solve. 

E. O. SwWEETSER.—The curves showing a great variation in tests due 
to curing conditions in the laboratory have been known to us for many 
years, who are particularly concerned in making tests. I think we should 
carry away from this meeting the impression that tests are not the final 
answer, but that it is possible to make tests under conditions which will 
be reasonably representative of the truth about the concrete in place. 
Tests are becoming more and more numerous on the part of contractors 
scattered throughout the country. Many of them are obliged to ship 
samples some distance to have tests made. The laboratory at Washington 
University, St. Louis, receives shipments of samples from considerable 
distances by engineers and contractors who want to know what strength 
the concrete is showing. Uniformity in the handling of specimens is 
greatly to be desired, and I think the best information that can be ob- 
tained will be found in the pamphlet issued by the American Society 
for Testing Materials, copies of which have been distributed by the Port- 
land Cement Association, with recommended standards of practice for 
taking specimens and shipping them. We have had samples of 6-in. cubes 
sent in in open crates badly damaged by handling. Such tests are prac- 
tically worthless from that standpoint; also, 6-in. cubes should not be 
used when the 6x 12-in. cylinder has become the accepted standard. I 
think probably Mr. Young is over modest when he thinks his curves show 
bad conditions. I do not think they show bad conditions at all; I am 
afraid, Mr. Young, that the jumps in those curves were to be expected 
under the conditions under which you had to work. 

W. K. Hart.—There may be as much difference as 20 per cent between 
a specimen that has dried out and a specimen that still has the water in it. 

F. R. McMitran.—I think Mr. Young has made the point very well, 
that after all, an important question in concrete construction is whether 
the concrete works properly into place in the structure. If there remains 
any doubt that Mr. Young has been getting the results he points out as 
most desirable, I suggest that you visit the power house at Queenston, 
with its 100,000 yd. of concrete, the most perfect concrete I have ever seen 
in such quantity. You cannot look at this structure without realizing 
that the concrete was not only uniform from day to day, but from month 
to month. The walls are everywhere smooth and dense and the edges and 
corners are sharp and neat. It is one of the prettiest pieces of concrete 
to be found anywhere and it is proof that Mr. Young’s methods do work. 
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CoNnTROL OF CONCRETE MIXTURES ON UNIVERSITY OF 


PITTSBURGH STADIUM. 


By W. S. HInpMAN.* 


Much has been said and written in the last few years on the design and 
control of concrete mixtures and any engineer or contractor, who is inter- 
ested, can supply himself with good information on this subject by securing, 
with little effort, the written reports of valuable research and experiences 
of others. I think we can assume that we are now able to determine, with 
a reasonable degree of accuracy, the proportioning of available concrete 
aggregates in such a way as to produce concrete of the desired strength for 
the work in hand, but the application in the field is not so simple and the 
difficulties encountered there have tended to retard the general use of this 
knowledge. 

It is not the writer’s intention to dwell at length on these difficulties 
or to repeat much that has already been said, but to show how these prob- 
lems were solved and worked with a reasonable degree of satisfaction in 
the construction of the University of Pittsburgh stadium. 

In order to supply the university with an adequate athletic plant, of 
which it was badly in need, it was definitely decided in June, 1924, to pro- 
ceed with the construction of a new stadium. The stadium was completed, 
or as much as was contemplated at that time constituting the entire lower 
deck, by Sept. 24, 1925, and was used for the football season. 

After making a preliminary survey of all the available property in the 
Oakland district on which a stadium might be constructed, the present 
location was selected for the reason that it seemed to satisfy most of the 
requirements, namely: The desirability of being located on the university 
campus, non-interference with other university buildings, reasonable cost of 
construction due to land values and natural contour of the ground, and 
accessibility from the main arteries of transportation. 

General Features—The stadium is located on the campus and is con- 
venient to the main arteries of traffic through the Oakland district of 
Pittsburgh. A survey was made of the entire district which shows that it 
is possible to park about 14,000 automobiles on paved areas within a radius 


*Consulting Engineer, Columbus, Ohio. 
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of five-eighths of a mile from the stadium, with no parking permitted on 
streets adjacent to the stadium on account of interference with and danger 
to pedestrians. 

A thorough study was made to determine what type of structure would 
best fit this location, give a pleasing effect from an architectural stand- 
point and accommodate as many athletic activities as possible. The closed 
or bowl type, where a portion of the hillside is excavated and the seats 
placed on the slope with the opposite or downhill side supported on frame- 
work, was selected as being most suitable for the site. 

The site selected, being in the background of the group of fine buildings 
in the Oakland district, permitted the use of concrete for the exterior with 














FIG. 1.—GENERAL VIEW OF UNIVERSITY OF PITTSBURGH STADIUM. 


a simply architectural treatment. The so-called architectural embellish- 
ments are few, since we considered it as a massive structure and tried to 
give a pleasing effect to the whole by proper proportioning and placing of 
openings through the exterior wall. Only one entrance, that on the east 
side, is featured by using a large arch and projecting it out from the ex- 
terior wall. The entire architectural treatment is fitted to the interior lay- 
out so that there is very little lost space; thus giving an economic design. 
The stadium is arranged to accommodate football, baseball, track, bas- 
ketball and other indoor athletic activities besides being valuable for large 
public gatherings, pageants, etc. Provisions have been made for the in- 
stallation of flood-lighting and amplifiers so that it can be used at night. 
The structure at present consists of a single deck with approximately 
65,000 permanent seats, but is designed so that a second tier of seats can 
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be added and the capacity increased by 30,000. All sight lines were 
carefully worked out and a good view of the entire area can be had 
from any seat. The structure is laid out on what is known as a three- 
centered oval or by using two radii, This makes all seat lines on a curve 
and all sight lines to converge toward the field, thus giving a greater equali- 
zation of seat values than if the sides were straight. In order to shorten 
the stadium on the long axis, we cut the quarter-mile track into the seat 
banks at the ends which eliminates the low undesirable seats at these points. 

The main dimensions are: Overall length, 791 ft.; overall width, 617 
ft.; length inside, 563 ft.; width inside, 343 ft.; height of lower deck above 














FIG. 2.—-MAIN ENTRANCE TO PITTSBURGH STADIUM. 


playing field, 60 ft.; greatest height outside, 105 ft., which will be increased 
to 135 ft. when the second deck is added. 

Construction Details—The interior circulation problem was very diffi- 
cult to solve, since the entrances are from an elevation of 35 ft. below the 
field level to 60 ft. above. The structure is divided into 36 equal sections 
measured on the outside perimeter and each section is fed by means of an 
entrance through a portal, or from a doorway at the top of the seat bank. 
There are 21 sections fed directly from the street level and 15 by means of 
portal entrances from a large circulating or distribution gallery under the 
stands. There are five large entrances leading to this gallery. Two of 
these lead directly onto the gallery and it is reached from the other three 
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by means of large ramps. The system worked very satisfactorily and a 
capacity crowd was discharged from the stadium quickly without confusion. 

The seats consist of three redwood strips screwed to malleable iron 
brackets which are attached to the concrete risers with galvanized bolts 
screwed into inserts which were placed when the concrete was poured. The 
box seats are individual folding chairs and each box holds eight or ten of 
these chairs. 

In most stadiums previously built, little attention was given to supply- 
ing adequate toilet facilities, but this feature is well taken care of by install- 
ing twenty well-equipped and distributed public toilets not including those 
in the team quarters. Provision under the stands is made for both home 














FIG. 3..-RAMP LEADING FROM CIRCULATING GALLERY TO EXIT. 


and visiting team quarters, also a basketball room with a seating capacity 
of 4,500, which is steam-heated and provided with locker and shower rooms. 

The stadium is built almost entirely of reinforced concrete and struc- 
tural steel. Approximately 20,000 cu. yd. of concrete, 2,300 tons of struc- 
tural steel, and 1,000 tons of reinforcing steel were used in the construction. 
The structural steel framing is entirely on the inside and is used to support 
about one-half the seat slabs. Structural steel was used under the high 
part to facilitate construction, since it could be erected in the winter time 
and is also slightly more economical than concrete framing. Approximately 
one-half the seats were poured directly on the slopes, but are designed as a 
flat slab supported on concrete piers so that in case the ground should 
settle, the structure will not be damaged. After construction had started, 
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it was discovered that almost the entire seat bank area resting on the 
slopes was undermined by old coal workings to a much greater extent than 
had been anticipated and was in very bad condition; also, we knew that a 
mine fire was burning under adjoining property, therefore it was decided 
to extend the supporting caissons or piers to a point on the rock under- 
lying the coal seam. This was done and the columns are fire-proofed 
through the coal at the bottom by surrounding them with granulated 
furnace slag having a minimum thickness of 2 ft. All foundations were 
carried down to solid rock and the bottoms tested by drilling 4 ft. into 
the rock with an air drill. 

Design of Concrete Mixtures.—We now come to the subject of concrete. 
For a number of years prior to the start of this project, the writer had 
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been interested in methods for securing better concrete, and was particularly 
anxious to get the best results possible on this stadium, since some similar 
structures have caused much trouble from poorly-proportioned, mixed and 
placed concrete. 

In the early stages of development, we decided that it would be 
desirable to use two different strengths of concrete in the structure. Prac- 
tically all the concrete in a stadium, except that in the foundations, is 
exposed to the elements, but the seat bank, or deck, is most severely tried 
on account of water penetrating the surface and freezing. Therefore, it 
was decided to use what is designated 2,500-lb. concrete for the deck and 
2,000-Ib. concrete for the balance. At this point, the writer realized the 
difficulty, at the present time, in trying to specify concrete mixtures by 
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strength thus leaving the contractors in the dark as to what proportions 
on which to base their estimates. In order to overcome this obstacle and 
determine on what aggregates to specify, we established in the basement 
of the house on the site in which the stadium office was located, a small 
experimental laboratory. In this laboratory, we tested out the designed 
mixes according to Abrams’ theory, using various combinations of aggre- 
gates available in the Pittsburgh district. The fine aggregates consisted 
of river sand, sand manufactured by crushing coarse gravel, and slag 
screenings. The coarse aggregate consisted of river gravel and crushed 
slag with the fines screened out. From the results of these experiments, 
we were able to decide that the river sand and gravel offered the most 
economic solution and we also had a check on the probable mixture 
required to produce concrete in the 2,500-lb. class. It was decided to have 
all contractors, who figured on the superstructure, base their estimates on 
this mix. Therefore, the mix was indicated on the plans without classifica- 
tion, but with the understanding that the contract would call for designed 
mixes and that the owner would benefit by any saving in cement. This was 
agreed to by the Turner Construction Co., who were the low bidders, 
and the results will be discussed later in this article. 

An interesting feature in producing concrete for this work was the 
required use of a sand inundator. It is a well-known fact that when 3 to 8 
per cent of moisture is added to dry sand and then stirred up that a bulking 
or increase in volume of 25 to 30 per cent will occur, but that sand when 
thoroughly saturated with water settles down to almost the same volume 
as when dry. Therefore, the sand inundator invented by Mr. Escher, presi- 
dent of the White Construction Co., New York, and used by that company, 
overcomes much of the uncertainty in measuring sand. 

The inundator is a watertight container with an adjustable bottom 
by means of which its capacity can be varied. A little more water than is 
required to saturate a batch of sand is placed in the inundator and the 
sand is then added from above through a shaking device until the inunda- 
tor is filled. Water, in excess of the amount necessary to saturate the 
sand, overflows at the top. There is a uniform amount of sand and water 
in each batch. The variation of these ingredients in the usual methods of 
measuring concrete materials is responsible for many of our troubles in 
securing uniform workability and strength of concrete. The writer, after 
finding that the Blaw-Knox Co. were starting to manufacture inundators 
with a better mechanical device for operating them, specified its use on the 
work. The first one of these was installed, together with their batching 
hopper for measuring the coarse aggregate and gave us a mixing plant in 
which everything was controlled positively except for the variation of 
initial moisture in the coarse aggregate. The mixer was of l-yd. capacity 
and bag cement was used. 

Testing Methods—Practically all the concrete aggregates were tested 
before unloading from the barges. After acceptance they were delivered 
by trucks, a distance of approximately two miles, to the stadium site. It 
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was found after a few days’ run that the sieve analysis, which was made 
each day, indicated only a slight variation in the fineness modulus of the 
sand and gravel, therefore we were able to establish a setting of the plant 
which seldom had to be changed for a certain class of concrete unless a 
marked fluctuation appeared in the materials. This accounts for some of 
the apparent variation in strengths of test cylinders, but the average 
strength is above that for which the mix was designed and considerable 
time in adjusting the mixing plant was saved. 

In the beginning, it was decided to base the design of all our concrete 
mixes on a 4%4- to 5-in. slump, as this consistency seemed to give about the 
proper workability for pouring the seat banks. Before the work had pro- 
gressed far, it was found that, in order to speed up the work, it was neces- 
sary for the contractor to pour both classes of concrete in the same day from 
the one mixing plant. Therefore, at the request of the contractor who 
wanted to pour some of the walls in which a 2000-lb. concrete was called for, 
with a wetter mix, it was agreed that he be allowed to use the same mix 
as was figured for a 2500-lb. concrete but having a 6- to 7-in. slump. This 
required more cement than we had expected to use but speeded up the 
work, which was advantageous to both the contractor and owner. As has 
already been stated, enough cement had been estimated in the beginning for 
a 2,500-lb concrete throughout the job, therefore no additional cement over 
. this amount was required by allowing the change mentioned above, but 
eliminated the contemplated saving in cement. The writer feels that the 
difficulties mentioned above are some of the most serious ones to overcome 
in attempting to place concrete in structures from a single mixing plant 
where limited quantities of different classes of concrete can be poured at one 
time. However, this would not apply to massive structures where the out- 
put of a mixing plant can be handled continuously for one class of concrete, 
provided the fineness modulus of the aggregates remains practically uniform. 

The slump was determined on concrete, taken from the transporting 
car, immediately after it had been discharged from the mixer and as often 
as uppeared necessary by the plant inspector or when there was an apparent 
change in the consistency. The standard prescribed method was used for 
determining the slump by filling a conical container, 8 in. in diameter at 
the base, 4 in. at the top, 12 in. high and rodding it with a 54-in. diameter 
rod. One thing of interest in connection with this is that concrete has a 
greater slump immediately after being discharged from the mixer than 
the same will have after being transported some distance to the forms and 
the workability at the point of deposit is affected accordingly. 

Test cylinders were made from concrete immediately after being dis- 
charged from the mixer and after standing 24 hours were stored in damp 
sand until time to be sent to the laboratory for testing. During the months 
of April and May, the atmospheric temperature was low and as we had no 
means provided for heating the storage space, there was a noticeable drop 
in the strength of the cylinder due to this. As soon as the weather 
warmed up to about normal summer heat, there was no more trouble 




















MIXTURES ON UNIVERSITY OF PITTSBURGH STADIUM. 117 


from this source and the strengths checked out close to what was expected. 
The main things to provide for in field testing, if the results are to be 
depended on, are uniformity in making the specimens and provision for 
keeping the storage space at a uniform temperature of about 70 deg. F. 

Concrete Handling and Conclusions—Practically all concrete for the 
superstructure was handled from a central mixing plant located 200 ft. 
from the stadium and at a point where the ground level was about the 
same elevation as the top of the seat bank. From this plant, a narrow- 
gage track was laid entirely around the top of the stadium and the con- 
crete transported in l-yd. hopper cars, drawn by gasoline locomotives, to a 
point nearest to where it was to be deposited. It was distributed from this 
point to the forms by means of chutes which it was not practicable to elimi- 
nate entirely but which were as short as possible and constructed so as to 
cause a minimum amount of separation of the concrete ingredients. All 
concrete materials were delivered in trucks to the site of the mixing plant 
where there was a large storage shed for cement and room for storing 
several thousand yards of sand and gravel. The bag cement was handled 
from this shed to the charging floor of the mixing plant by means of a belt 
conveyor and the aggregates to the bins over the mixer by means of a 
clam-shell bucket operated with a stiff-leg derrick. 

Wooden forms were used for all concrete work and special attention 
was given to having the concrete thoroughly spaded after being deposited 
to insure a minimum amount of patching after the forms were removed. 
The plans and specifications called for all form boards to run vertically 
on exterior surfaces with a 4-in. horizontal band at about 10-ft. intervals. 
No work, with the exception of cleaning up and filling bolt holes, was sup- 
posed to be done on the concrete surfaces after the forms were removed. 

In conclusion, the writer feels that the results obtained on this project 
from the use of designed concrete mixes and the sand inundator were very 
satisfactory and that any extra trouble or expense was justifiable. The 
accompanying chart, showing the relation of strength to slump or, in other 
words, the effect of water on the strength of concrete, is self-explanatory 
and indicates to what extent we were successful in obtaining uniformity 
in the concrete. One interesting feature is the apparent abrupt change in 
the direction of the curve near the point of the 5%4-in. slump. The thing 
that appeals to us most, however, is the feeling that all concrete in the 
structure is good and that thi« is not entirely due to guesswork on the part 
of the man running the mixer. The general tendency at the present time is 
for engineers and contractors to co-operate in securing better concrete and 
it is to be hoped that eventually all who have to deal with this kind of 
work will thoroughly inform themselves as to the knowledge gained through 
research and apply it to their work. When that time comes, the number 
of concrete failures will be reduced to a minimum. At the present time, as 
is indicated in this paper, considerable judgment should be exercised in the 
application of modern methods or they might be made to work a hardship 
on the contractor. 
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The design and specifications for the stadium were prepared under the 
supervision of W. S. Hindman, engineer for the Stadium Committee, assisted 
by Miss Marion Hindman on architectural design. The construction was 
supervised by Stone & Webster, Inc., of Boston. The work was done by the 
Turner Construction Co., of New York, general contractors for the super- 
structure; the John F. Casey Co., Pittsburgh, grading and foundations; 
the New England Foundation Co., Boston, concrete caissons; the McClintic- 
Marshall Co., Pittsburgh, fabrication and erection of structural steel. 

















DISCUSSION, 


CHARLES E. Nicno_s.—The features of this work which particularly Mr. Nichols 
appeal to me are the comparison of the results in controlling the quality of 
the concrete with those of some jobs which have been analyzed in the past. 
The results as shown by the figures on the chart are not altogether encour- 
aging in view of the considerable effort that was made to control the 
quality, but an analysis of the conditions which obtained, I think, satis- 
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factorily explains them. I have just two slides which I would like to 
show in this connection, 

Those of you who have been here in past conventions have seen this 
form of curve (Fig. 1) which shows, at the left, the low strength shown 
by the cylinders, and then progressively the increases up to the high test. 
The dotted line shows the results of the tests on the Camden job which was 
perhaps the first job to have a consistent program of tests carried on and 
analyzed. Plotted in solid lines are the Pittsburgh stadium tests for 
2,500-lb. concrete (above), and for 2,000-lb. concrete (below). Comparing 
the Pittsburgh stadium 2,000-lb. concrete curve with the Camden curve, 
you will note that they lie almost directly on each other. The Pittsburgh 
stadium tests did not run quite so low on the low values, and the general 
trend of the slope of the line is carried to a higher limit. As a matter of 
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fact 84 per cent of the total batches tested fell within 20 per cent below 
or 20 per cent above the average of all the batches. On the 2,500-lb. con- 
erete, while the low and the high values were a little wider, the average 
was better; 86 per cent were within 20 per cent of the average. 

On the face of it that would indicate that the Pittsburgh stadium 
concrete was more uniform in quality than the Camden concrete, and I 
think there are two general reasons for that. In Fig. 2 I have analyzed 
what might be called the accuracy of testing technique. For any given 
batch of three cylinders we have a batch average which is the average 
plotted on the curve of Fig. 1, and each individual cylinder deviates from 
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that average a certain amount. The curve of the mean of deviation from 
the average of each batch is an indication of the accuracy, or lack of 
accuracy in making the tests. 

Presumably the concrete for one batch is uniform and all three test 
cylinders should show the same strength. The fact that they do not indi- 
cates that the tests are not all conducted uniformly. In comparison with 
Camden again, plotting progressively the lowest mean deviations up to the 
highest, the Camden 2,000-lb. concrete tests show very little variation of 
any individual cylinder from its batch average. The Pittsburgh stadium 
tests which are plotted between the curves of the Camden cylinders and 
the Camden drilled cores, show a greater variation than the Camden test 
cylinders, because at Camden the testing organization was quite expert in 
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testing work, while on the Pittsburgh stadium job the organization was 
less experienced and greater variation was to be expected. 

Working back then to the other curves, Fig. 1, we deduce, since the 
testing was not so accurate and since inaccuracy in the tests always results 
in lower, rather than in higher, values, that the Pitt stadium concrete 
actually was of better value than the tests indicated. If the Pitt stadium 
curves were corrected for that condition, noting that the correction of the 
curves would be greater for low values than for high values, we would have 
our curves flattening out approaching the horizontal, as well as rising 
bodily on the diagram. This would indicate then, in spite of the actual, 
almost coincidence of the 2,000-lb. curve with the Camden curve, that the 
Pittsburgh stadium concrete really was considerably more uniform in 
quality. 

Another feature which perhaps tended to some greater variation in 
the tests was, as Mr. Hindman brought out just previously, that the 
strengths being obtained were all greater than were required by the design, 
and consequently the feature which was emphasized throughout the job was 
uniformity of consistency for any given part of the structure. We did not 
want a wet, sloppy batch at any point on the deck in the midst of a lot of 
nice dry concrete; we wanted it all uniform. Consequently, when there 
was some variation in the grading of the aggregate, sufficient to affect 
the consistency, they did not go to the trouble of changing the proportion 
of sand and gravel, which would have delayed work, but varied the water 
content, sacrificing uniform strength for uniform consistency. That pro- 
cedure took care of variation not only in the aggregate grading but also 
in the moisture condition, the humidity on different days and different 
parts of the day, and gave the construction organization essentially a uni- 
form consistency of concrete day in and day out which they could handle 
and place with remarkable economy and speed. 











USE OF THE WATER-RATIO SPECIFICATION ON THE PORTLAND 
CEMENT ASSOCIATION BUILDING. 


By F. R. McMinran* anp STANTON WALKER.+ 


INTRODUCTION, 


The quality of concrete in the office and laboratory building of the 
Portland Cement Association was successfully controlled, without the use 
of special equipment and without the need of a testing organization, solely 
by means of a specification based on the control of the quantity of mixing 
water. This specification fixed only the proportion of water to cement; 
the aggregate proportions were left entirely to the judgment of the con- 
tractor, with the limitation that plastic and workable mixes be produced. 

Most attempts to produce concrete of a predetermined quality during 
the past 6 or 7 years have been based on the control of the quantity of 
water by more or less minute regulation of the proportions, consistency, 
and grading of the aggregate, so that a given arbitrary mixture would 
give the strength desired. Some measure of success has attended these 
efforts, but it has developed that the methods are indirect and do not lend 
themselves readily to everyday production on the average job. Under these 
methods, questions of economy are confused with those of quality, and, as 
A consequence, unnecessary restrictions are imposed upon the selection of 
proportions and upon methods of transporting and placing the concrete. 
It was the recognition of the impracticability of these methods of control 
and the realization of the fundamental significance of the quantity of 
mixing water that led to the suggestion of the water-ratio specification. 

The general law, developed by Abrams, that the strength of concrete 
is fixed by the water-ratio within the limitations that the mixes be plastic 
and workable and the aggregates clean and structurally sound, is so well 
established that no data need be presented here to support it. A study 
of published data’ will show that this law has been widely accepted. 


*Associate Engineer, Structural Materials Research Laboratory, Lewis Insti 
tute, Chicago. 

+Director, Engineering and Research Division, National Sand and Gravel 
Association, Washington, D. C.; formerly Associate Engineer, Structural Mate 
rials Research Laboratory, Lewis Institute, Chicago. 

Design of Concrete Mixtures,” by Duff A. Abrams; Bull. 1, Structural 
Materials Research Lab., Lewis Institute. Chicago. See also other Bulletins of 
Laboratory, notably 4, 5, 11 and 13. ; 

See Appendix II to Report of Committee C-9 on Concrete and Concrete 
Aggregates, Proc. Am. Soc. Testing Mat., 1922, p. 329. 

“Wear and Compression Tests on Concrete,” by R. B. Crepps; Proc. Am. 
Concrete Institute, 1920. 

“Abrams’ Water-Cement Ratio Checked in Germany,” by V. P. Mann; 
Engineering News-Record, vy. 94, p. 885, May 28, 1925. 

“Water-Ratio Specification for Concrete,” by F. R. McMillan and Stanton 
Walker; Presented before the Structural Div. of the Am. Soc. Civil Eng., Mon 
treal, October, 1925. 

“A New Test for Consistency of Paving Concrete.” by F. H. Jackson and 
Geo. Werner; Proc. Am. Soc. Testing Mat., 1925, p. 204. 
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Opportunity is taken, however, to present for the first time some data 
from Prof. Abrams’ tests which show the relationship between cement 
factor, workability and consistency. These data which will be found in 
Figs. 5 and 6, have an important bearing on the application of the water- 
ratio specification, as pointed out in the section “Further Discussion of 
Workability and Proportions.” 

It was one of the authors (McMillan) who first proposed the specifica- 
tion for concrete solely on the basis of the water-ratio and workability, 
leaving the consistency, proportions, and size and grading of the aggre- 
gates (which are purely questions of economy) to the contractor. It is 
worthy of record that the first specification of this type was that pro- 
posed by McMillan for the construction of the memorial stadium of the 
University of Minnesota. While this specification was not fully followed 
in the construction, it was‘for reasons wholly aside from its soundness or 
adaptability. 


ORGANIZATION, 


The design of the building and the supervision of the construction was 
in the hands of Holabird and Roche, architects, Chicago. The general con- 
tractor was the Turner Construction Co., New York. The caisson work 
was sublet to the Mid-Continent Construction Co., Chicago. 

The architects were represented on the work by F. A. Winters; the 
Turner Construction Co. by H. B. Snell and C. H. Schwertner; and the 
Mid-Continent Construction Co. by M. H. Finley. 

The specification for the concrete was written by the authors who 
kept in close contact with the construction to observe the results. Ralph 
Eckert acting under the direction of Mr. Walker, did all of the field test- 
ing and made the concrete cylinders for strength tests. The specimens 
were tested at the Structural Materials Research Laboratory, Lewis Insti- 
tute, Chicago. 


PRINCIPAL FEATURES OF THE SPECIFICATION, 

The principal feature of this specification was the limitation of the 
maximum quantities of mixing water with little restriction on the pro- 
portions of cement to total aggregate or of fine to coarse aggregate other 
than that plastic and workable mixes be produced. Maximum slumps for 
the different portions of the work were stated to avoid any possibility of 
argument over unnecessarily wet mixtures or the accumulation of laitance. 
The usual clauses concerning quality of aggregates were included. Clauses 
fixing suitable limitations on the grading were also included. The maxi- 
mum size of the coarse aggregate was required to be not greater than 
would permit of proper placement. The complete specification is appended, 


TESTS AND Test Meruops, 


The operation of the specification was closely observed and a regular 
program of tests was carried out. The compressive strength of the con- 
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erete was determined at 3, 7 and 28 days in 6x 12-in. cylinders taken each 
day from several batches immediately before they were deposited. Speci- 
mens were generally made for curing both in damp sand on the job, and 
in the moist room in the laboratory. The complete results of the strength 
tests are given in Tables IV and V. Summaries are given in Tables II and 
Ill, and in Figs, 1 to 3. 

Frequent determinations of sieve analyses and of moisture content of 
the aggregates were made throughout the work. A summary of the sieve 
analyses is given in Table VI. The fineness modulus of each sample tested 
and the results of the moisture determinations are given in Table I. Fig. 2 
shows the individual moisture determinations graphically. In general, the 
tests were made in accordance with the standard methods of the American 
Society for Testing Materials. 


WATER-RATIO AND TOLERANCE. 


Two classes of concrete were specified, as follows: 

“Concrete for structural members shall be proportioned to give the 
necessary workability without exceeding the following ratios of water to 
cement: 


“Where concrete of strength of “Where concrete of strength of 
2,900 lb. per aq. in. is called for 2,000 Ib. per sq. in. is called for 
6.0 U.S, gal. water per 7.5 U.S. gal, water per 

sack (94 lb.) of cement. sack (94 lb.) of cement.” 


These ratios were the maximum permissible, the operating tolerance 
covering unavoidable fluctuations was required to be entirely on the lower 
side so that the ratios specified would at no time be exceeded. 

It was recognized that some tolerance in the water-ratios must be 
allowed, but to have specified a desirable mean value for the water-ratio 
with a fixed allowance by which this might be exceeded, assuming that 
there would be as many batches with a lesser value as with a higher value, 
would have offered no encouragement to more careful control, and might 
even have encouraged a variation all on the high side. Under the clause 
as written, it was to the contractor's advantage to keep the fluctuations 
at the lowest limit possible with the equipment used, for, by so doing, 
he was able to maintain an average water-ratio closer to the specified value 
and thus increase the amount of aggregates used with each sack of cement. 

With this tolerance clause, the contractor was not restricted in the 
type of equipment for measuring or handling. Both the general contractor 
on the superstructure and the sub-contractor on the caissons used the 
simplest type of plant, which resulted in wider variations in water content 
than would have been the case with more accurate measuring devices. 
A study of the results of the strength tests show how this variation in 
the water-ratio affected the strength. 

The complete results of the strength tests of concrete are given in 
Tables IV and V. Summaries in Tables If and IIL show averages for cer 
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tain groups of tests, arranged in order of the mean temperatures on the 
days concrete was placed. Fig. 1 shows the strengths plotted for the 
different water-ratios. On this diagram also is plotted the curve repre- 
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senting the water-ratio-strength law upon which this specification was 
based. This curve is that from Fig. 1, Bulletin 1, Structural Materials 
Research Laboratory, “Design of Concrete Mixtures,” by Duff A. Abrams. 
In the equation shown on the diagram, 8 representa the compressive 
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strength at 28 days and # (an exponent), the water-ratio by volume. 
The equation has not been modified to show the relation with the water 
ratio expressed in gallons per sack of cement. 

The working out of the tolerance clause can be seen from Fig. 1. In 
the upper diagram of the figure, two groups of water-ratios for the 2,900- 
and 2,000-lb. concrete will be seen, averaging slightly over 5% and 7 gal., 
respectively. In the lower diagram, about the same average grouping will 
he observed with somewhat more scattering of points. These averages are 
about % gal. below the specified limits and are indicative of the extra 
amount of cement required to avoid the outlay for more accurate equip 
ment, It was necessary to set the water-measuring device so that with the 
probable variation in moisture in the aggregates and in the measurement 
of quantities, the specified water-ratios would not be exceeded. 


WORKABILITY AND PROPORTIONS OF AGGREGATES. 


The proportions of aggregates were governed solely by the require 
ments of workability, with the single limitation that the coarse aggregate 
should not be less than the fine, nor more than twice the fine. Work- 
ability was limited by the requirements that the mass could be puddled 
readily into the corners and angles of the forms, and around the reinforce- 
ment, without harshness or honeycombing and without the accumulation of 
water or laitance on the surface. Maximum slumps were specified for 
different portions of the building as follows: 


Caissons ..... te: Ree Sane Max. slump 4 in. 
Heavy walls, slabs and beams .. mee ee, he 
Thin walls and columns .... a a g « 


These liberal provisions gave the contractor the greatest possible lati- 
tude in the selection of proportions and consistency to get the necessary 
workability. 

As it worked out there was no occasion for argument over the con- 
sistency or proportions, neither with the contractor for the caissons where 
the tendency was all towards the use of consistencies approaching the 
limit of stiffness, nor with the contractor on the superstructure where the 
tendency was all toward the opposite extreme. The old argument as to 
the amount of mixing water was entirely lacking. When it seemed 
desirable to have a more fluid mix, it was obtained by reducing the aggre 
gate proportions, leaving the water and cement quantities in the batch 
unchanged. The conflicting desires on the part of the contractor always 
to have plastic workable mixes and yet to keep the cement factor low by 
the use of the largest possible amount of aggregates, resulted in mixes 
entirely within the range specified and very suitable for the work. 
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The average mixes used and the resultant slumps for the different 
classes of concrete and portions of the structure were as follows: 


Class of Concrete Average Mix 


Average 
28-Day Strength Damp and Dry Slump 
Ib. per sq. in. Loose Compact In. 


Substructure 


2,000 1: 3.0: 5.4 1: 2.6: 4.5 1% 
2,900 1: 2.4: 3.5 1: 2.0: 3.25 1% 


Superstructure 


2,000 1: 3.0: 3.9 1: 2.5: 3.6 7 
2.900 1: 2.0: 3.0 1: 1.7: 2.7 6 


MEASUREMENT OF MATERIALS, 


The specifications required the contractor to measure the materials 
in such a way that the water-ratio could be closely controlled during the 
progress of the work and easily checked at any time. To avoid haphazard 
or unnecessary changes in consistency, the aggregates were required to be 
obtained from a source that would insure uniform quality and grading 
during each day’s operation. 

The aggregates were stored in small stockpiles on the street pavement. 
In the case of the substructure they were measured in wheelbarrows, and 
in buggies in the case of the superstructure. Frequent tests of the mois- 
ture content of the aggregates were made so that the water-measuring 
tank could be adjusted to supply enough additional water to give the 
correct water-ratios. 

In the caisson work, the water was measured in a closed tank directly 
connected to the city water supply and equipped with a check valve which 
closed when the tank was filled. The tank was filled and discharged 
through a 3-way valve, the quantity discharged being regulated ‘by means 
of a movable pipe. Owing to the inherent deficiencies in this style of 
tank, this device was not particularly satisfactory and it was necessary 
to make considerable allowance to insure that the specified water-ratios 
were not exceeded. ‘The unreliability of this water-measuring device com- 
bined with the wheelbarrow measurement of aggregates, resulted in con- 
siderable lack of uniformity in the strengths, as will be noted in the lower 
diagram of Fig. 1. 

For the superstructure, the water-measuring device consisted of a 
calibrated open tank provided with an adjustable overflow pipe which 
prevented more water being let into the tank than was required for the 
batch. This device permitted quite accurate measurements of the water, 
but corresponding accuracy was not obtained in the cases of the aggregates 
which were measured in buggies in fractional quantities. It was neces- 
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sary, therefore, to set the water container so that with the largest quan- 
tity of aggregates in any batch, the specified water-ratio was not exceeded. 
For those batches with smaller quantities of aggregate, a water-ratio 
below the specified amount was obtained due to the lesser amount of water 
carried into the batch through the medium of the moisture in the aggre- 
gate. This lower water-ratio did not show up in increased stiffness, but 
rather was accompanied by greater fluidity owing to the lesser amount of 
aggregate used. It did show up, however, in the strength tests, for a 
considerable part of the fluctuation in strengths shown in Fig. 1 and the 
tables was undoubtedly due to this change in water-ratio. 

It will be of interest to consider the variations in results of strength 
tests in relation to the probable variations in the water-ratio arising from 
the inaccurate measurements of water and aggregates. 

Of the 2,000-Ib. per sq. in. range in strength shown in Fig. 1 for any 
water-ratio, about 500 lb. would seem to be chargeable to differences in 
temperature (see Tables II and III and Further Discussion of Strengths 
below). Of the 1,500-Tb, per sq. in. variation remaining, about half would 
be a normal variation under well-controlled tests, leaving a difference of 
about 800 lb. per sq. in. to be accounted for by variations in water-ratio. 
This 800-lb. difference corresponds to a range of about % gal. water per 
sack of cement or about % gal. either side of a mean value. A change of 
%@ gal. could be produced either by a change in moisture content of % per 
cent in a batch of 4 cu, ft. of aggregate, or by an error in measurement of 
aggregate (assumed to be carrying about 4 per cent of moisture) of about 
1 eu. ft. for each sack of cement. Such an error in aggregate measure- 
ment was not at all likely even under the method of measurement em- 
ployed. However, when combined with small changes in moisture content, 
a sufficient error in measurement to give the %-gal. variation was possible. 
From these considerations it seems that the variation in strengths beyond 
that normally expected is explainable by variations in water-ratio. 


WATER CARRIED BY AGGREGATES. 


The provision in the specification concerning the uniformity of grad- 
ing of aggregates during each day’s operations, would likely be important 
in many cases. Little difficulty was encountered in this work from varia- 
tions in grading. The few occasions when the grading did vary showed 
the importance, from the contractor’s point of view, of having uniform 
materials in order to avoid frequent changes in the proportions. From 
beginning to end of this work the change in proportions for any class of 
concrete was relatively small. This showed that the aggregates did not 
vary to an important extent from day to day, although the only require- 
ment was that they be constant for each day. 

The moisture content of the aggregate did not vary greatly, as will be 
seen from Fig. 2 and Table I. The greatest range between two successive 
determinations for the sand was 2.6 per cent; the usual range was less 
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than % per cent. ‘Two-thirds of the values fell between 4 and 5 per 
cent and 90 per cent between 3.5 and 5.5 per cent of moisture. For the 
gravel, the variation was about the same. 

The difficulties which may arise from variation in the amount of 
water carried by the aggregate have seemed to many a serious objection 
to the water-ratio specification. The experience on this building and 
other considerations indicate that under favorable conditions as to source 
of materials and facilities for storage, these difficulties may never be 
realized. Under the most unfavorable conditions the situation can be no 
worse than under other forms of specification with the advantage, how- 
ever, that such control as is exercised under this specification is centered 


about the feature that is most important. This insures a better average 


Atosture Corttett of Agqg“egare 






























/2 
\ 
SY 
DM Oe .e.eaQGeGeee : 4 
SS 
{ @ adil . . 
> be — SU -SHUCNMMEC ~SUOCl-SITUSL EC —_———ol 
ee R 7 Wir 
si p IP IO?9. 
J pay, 
‘ « i Coorse oo 
. 
~ D eee — D. 
> «= 8 
x | Y 
f ) 











MSGS 0 SOY Vt ie— Ocfobe’ oe NOVETIIO CS 00 LDOCEIN BC” 


Qare or Jasks 
rig, 2.--VARIANCE IN MOISTURE CONTENT OF AGGREGATES, 


result than would be possible where control is centered about some feature, 
largely incidental to the production of concrete of definite strength, such 
us aggregate proportions. 

Two methods of measuring the free water in the aggregates were 
used, one by weighing and drying, the other by displacement. The former 
was used principally as the equipment was already available. Some work 
was done in the development of convenient apparatus for determining 
moisture by displacement of water. With proper apparatus, this method 
should be somewhat simpler than drying and sufficiently accurate. 


QUANTITY OF CeMENT USED. 


The question as to the probable effect of the water-ratio specification 
on the amount of cement required has been raised. On this point, the 
results from this building are most reassuring. In the caissons the aver- 
age cement factor was 1.17 bbl. per cu. yd. for concrete showing a strength 
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of 2,880 lb. per sq. in. for an average of 87 specimens tested at 28 days. 
The contractor reported that this cement factor was about 1 sack per 
cu. yd. less than his usual practice for this class of work. This saving 
was obtained through the use of consistencies much stiffer than is the 
usual practice and comparatively large aggregate (maximum size 1'% in.). 
However, as stated previously the consistency was at no time too stiff for 
proper placement. 

It is of interest to note that each caisson shaft, 70 to 75 feet in 
depth, was placed continuously in 3 to 4 hr. with no water appearing on 
the surface, although the surface was at all times plastic. During the 
half hour’s time required to place the dowels at the top, a man standing 
in the concrete would gradually sink to a depth of 6 to 10 in. and small 
quantities of water would show in spots. 

In the superstructure the average cement factor for the entire struc 
tural work including both classes of concrete was 1.47 bbl. per cu. yd. 
Of the total yardage, about 40 per cent was of the 6-gal. water-ratio and 
60 per cent of the 714-gal. water-ratio. The cement factor for 417 cu. yd. 
of concrete of the 74%4-gal. water-ratio was 1.31 bbl. per cu. yd. This factor, 
as well as the average for the job, is slightly more favorable than the 
usual practice for a similar type of structure. 


FURTHER CONSIDERATION OF STRENGTH DATA. 


Brief reference has been made to the effect of temperature at time of 
placing concrete on the strengths shown in Fig. 1. A study of the aver 
ages in Tables II and III shows that while the data are not wholly con 
sistent, there is a falling off of strength with the lower temperatures. 
This applies to the specimens cured in the moist room of the laboratory 
as well as to those cured under wet sand on the job, The inconsistency 
in these results is significant in that it indicates the important effect on 
atrength of the treatment given to the specimen during the first 24 hr. 
Neither the recorded mean temperature for the day, nor even the extreme 
high and low, is necessarily a measure of the severity of exposure of the 
specimen. On this job it was frequently necessary to expose the freshly- 
made cylinders for several hours to low or near freezing temperature, while 
on other days they could be covered immediately after molding. 

A general comparison of the cylinders cured in the laboratory and on 
the job can be had from Fig. 1; a more detailed comparison can be made 
from Tables IT and Ill. In the discussion of the effect of variations in 
water-ratio on the strengths, it was assumed that differences in tempera- 
ture would account for a variation of about 500 lb. per sq. in. A careful 
study of these data shows that this assumption was quite conservative ; 
it is not unlikely that the difference was 700 or 800 lb., or even more. 

During the cold weather, the tests at 3 and 7 days were studied care 
fully for indications as to the probable condition of the concrete in the 
structure. Generally it was felt that the strength of the concrete in the 
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structure was somewhere between that shown by the field and laboratory- 
cured specimen. In some cases, however, it was believed that it was even 
higher than the results shown by the latter where the temperature during 
the first few hours was particularly unfavorable. Examination of the 
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FIG, 3. RELATION OF 7- TO 28-DAY STRENGTH, 


structure itself corroborated this belief. At the time the forms were 
removed the concrete gave every indication of the high quality desired. 

The numerical relation between the early strength and the 28-day 
strength is of interest, for if a general relationship can be shown, it will 
provide an accurate measure of the quality of the conerete at an early 


age. Fig. 3 shows the relation between the 7 and 28-day strengths for all 
tests where the specimens for both ages came from the same batch, The 
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curve is that given by Slater and Walker in the discussion of the tests 
at Camden and Newark Bay, sponsored by the Joint Committee on Stand- 
ard Specifications for Concrete and Reinforced Concrete* and is based on 
the relation: 28-day strength equals the 7-day strength plus 30 times the 
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FIG. 4.—-RELATION BETWEEN COMPRESSIVE STRENGTH AND AGE. 


square root of the 7-day strength. It will be seen that this curve ex- 
presses quite accurately the mean of the plotted points for both the speci- 
mens cured in the laboratory and on the job. 

Fig. 4 shows the relation between compressive strength and age for 
the 3, 7 and 28-day tests, the age being plotted to a logarithmic scale. 


*“Report of Field Tests of Concrete Used in Construction Work,” by W. A. 
Slater and Stanton Walker; Proc. Am. Soc, C. F., January, 1925, 
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The plotted points are the averages of all of the specimens for the given 
conditions except that no specimen was included unless there were speci- 
mens for the other two ages from the same batch of concrete. 
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The straight-line (or near straight line) relation between strength and 
logarithm of the age is characteristic of all the tests made at the Struc- 
tural Materials Research Laboratory (See Fig. 14, Bulletin 7, Fig. 8, Bul- 
letin 8, Fig. 6, Bulletin 12 and others). 
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FURTHER CONSIDERATION OF WORKABILITY AND PROPORTIONS. 

Some engineers have expressed concern that conflicting desires con- 
cerning cement factor and cost of placing may not always be depended upon 
to give proper workability and that unsatisfactory work or at least a 
cause for argument may result. 

In this connection, it will be of interest to consider some relationships 
between water-ratio, cement factor, and consistency which have been 
brought out by tests by Prof. Abrams made in 1923; Series 186—“Study of 
Workability of Concrete of Constant Water-Cement Ratio.” The data 
from these studies, of interest here, are given in Figs. 5 and 6, which here- 
tofore have not been published. Fig. 5 contains 3 diagrams for concrete 
made from sand and gravel aggregates for the 3 water-ratios; 6, 7 and 8 
gal. per sack of cement. Each diagram consists of curves showing the 
relation between the sacks of cement per cubic yard of concrete and the 
slump for the given water-ratio. Each curve contains the results for a 
family of mixes; for example, the 1: 2 family consisting of mixes 1: 2: 0, 
1: 2:1, 1: 2: 2, ete., are all connected by a single curve. The mixes indi- 
cated are based on separated volumes of dry and rodded aggregates and 
are used in the usual sense, that is, 1 bag of cement, 2 cu. ft. of sand, 
4 cu. ft. of coarse aggregate. 

Attention is called to the fact that the curves in Fig. 5 are for this 
particular set of aggregates only. While other aggregates will show 
similar curves, the numerical relation between water-ratio, mix and slump 
will vary so widely with different aggregates that no attempt should be 
made to use these curves as a basis for estimating. 

Many interesting relationships will be found from a study of these 
curves. The two points it is desired to make in this connection are first, 
the sudden break in the curves at about the 6-in. slump, and second, the 
rather well-defined limits of the proportion of fine to coarse aggregate 
within which workable mixes can be produced with a low cement factor. 

As to the first point, the curves show that for a reduction in slump 
from 6 to 2 in. the saving in cement is slight, being less than %4 sack per 
cu. yd. for the mixes represented by the lower curves in each diagram. 
However, for slumps above 6 in., it will be seen that the extra cement 
for additional fluidity increases rapidly. For example, increasing the 
slump from 6 to 9 in. may require as much as 24% sacks of cement per 
cu. yd. 

To illustrate the second point, compare the mixes which will give a 
6-in. slump using a water-ratio of 7 gal. per sack of cement. These are 
1: 1.5: 4, 1:2:3.5 and 1: 2.5: 1.7, requiring respectively 5.2, 5.4 and 6.4 
sacks of cement per cu. yd. For the usual range in prices the 1: 2: 3.5 
mix will be found the lowest in cost for materials; it would also be more 
economical to place than the 1: 1.5: 4 mix because of the greater sand con- 
tent. The 1: 2.5: 1.7 might be the lowest in cost to place, but in total 
cost the margin would be slight if any; however, because of the excess of 
fine material, this is an undesirable mix and would not be permitted under 
this specification. 
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Similar comparisons for other points on these curves will show that 
considerations of economy will almost always prevent the use of mixes 
that are too harsh, and to a considerable extent will prevent the use of 
mixes in which the proportion of coarse aggregate is undesirably low. 
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WEIGHTS AND DENSITIES OF CONCRETE. 

The tendency to use too little coarse can always be controlled by the speci- 

fication of a suitable minimum ratio of coarse to fine. 

In the specifications for the Portland Cement Association Building, 
the limits established were that the ratio of coarse to fine should not be 
less than 1 nor more than 2. It may be objected that this rather liberal 
margin is not in accord with the generally accepted notion that aggregate 
proportions should be adjusted to give the densest possible mix or the 
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largest possible proportion of coarse material consistent with proper work- 
ability. The authors of this paper both have been at different times and 
in different ways advocates of the use of large proportions of coarse mate- 
rial. However, the studies which led to the adoption of the water-ratio 
specification have pointed to the conclusion that, while it is true that 
denser mixtures, and, under certain very limited range of prices, more 
economical mixtures can be obtained by the use of larger proportions of 
coarse material, the gain in these respects is so slight as to make it unde- 
sirable to attempt such mixes at the risk of honeycombed structures or 
greater cost of placement. 

In Fig. 6 will be found some data showing the effect of varying pro- 
portions of fine to coarse aggregate on the weights and densities of con- 
crete made from sand and gravel. These data are based on Series 186 
referred to previously, excluding those mixes which were greatly unwork- 
able. From the upper diagram of this figure it will be noted that for 
proportions of coarse to fine, greater than 1, the changes in weight and 
density are relatively small. The difference of only 2 or 3 lb. per cu. ft. 
in weight which it is possible to obtain by the increase in the coarse mate 
rial above this ratio does not compensate for the loss in workability and 
security against honeycombing. 

For ratios of coarse to fine less than 1, it will be seen that both 
the weight and density fall off quite rapidly with decreasing ratio of 
coarse aggregate. It was for this reason that the minimum proportion of 
coarse to fine was placed at this value in the specification for the Port 
land Cement Association Building. 

In considering Fig. 6, it must be remembered that the data are for 
a particular set of aggregates, 0 to 4 sand and 4 to 1%-in. gravel, typical 
of the materials around Chicago. Similar, though not identical curves 
will be found for other aggregates. The minimum ratio of coarse to fine 
should be reduced for smaller aggregates. 

As pointed out previously there is very little likelihood of overharsh 
mixes being used because, with the usual range of prices, they do not prove 
economical even neglecting the extra cost of placing. Since there is little 
to be gained through the use of the mixes low in sand and much to be 
avoided, no objection can be raised to the specification of a maximum pro 
portion of coarse aggregate. 

The following table of limiting aggregate proportions is suggested 
for the ordinary range of materials to be used with a water-ratio speci- 
fication, where it is required that the mixes be such that they can be 





Ratio of Coarse to Fine on Basis of 


Size of Coarse Dry Rodded Volumes 


Aggregate i tn ne 
Inches Minimum Maximum 
3% 0.4 0.8 
% 0.7 1.5 


1 and over 1.0 2.0 
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readily puddled into place without excessive spading and without harsh 
ness or honeycombing. 

From the foregoing considerations it will be seen that under the 
water-ratio specification, the interests of the contractor and owner are more 
or less identical. The mixes, which the contractor finds economical, will 
avoid honeycombing on the one hand and excess water and its consequent 
porosity on the other. 


LIMITATIONS OF THE SLUMP TEST. 


In Fig. 5 and the discussion concerning it, use was made of the slump 
as a measure of consistency. In this use, it was not intended to recognize 
the slump test as an absolute measure of workability. In fact, the illus 
trations used are ample evidence of its limitations. Comparison was made 
of the 1: 144: 4 and the 1: 2: 3% mixes for the 6-in. slump and it was 
pointed out that the latter would be much more workable because of its 
greater sand content, 

It is within the limits of truly workable mixes that the slump test 
is most useful. For example, if we were to compare the consistency of 
the 1: 2: 3 mix using 8 gal. of water to that of the same mix using 6 gal. 
of water, the slump of 8% in. in one case and 1 in. in the other would 
give a very clear idea of the relative consistencies and in such a case the 
difference in workability. Similar comparisons could well be made between 
mixes in which the amount of cement and proportions of fine and coarse 
aggregates did not differ greatly; but to attempt to compare, on the basis 
of slump, the workability of mixes of wholly different proportions or of 
different kinds of aggregates is quite absurd. 

Under conditions of uniform operation the slump test can be useful 
in indicating any change in the character of the materials, the propor- 
tions or the water content, as the test is very sensitive to such changes. 
It may not indicate which of these elements is the disturbing factor, but 
at least it shows the operator that some change has taken place and he 
can make the necessary modifications. 

When the distinction between consistency and true workability is kept 
in mind the slump test is probably as good as any measure yet proposed 
for recording data such as in Fig. 5. 


DaTA FOR ESTIMATING QUANTITIES OF MATERIALS, 


The objection is sometimes made that under the water-ratio specifica- 
tion, the contractor is not able to estimate accurately the amount of 
cement which will be required. The authors believe that the estimation 
of quantities should offer no serious difficulties. After a little experience 
with this specification the usual tables of quantities can be used; and in 
advance of such experience very reliable information can be obtained 
readily by making a few trial batches with the materials and of the con- 
sistency to be used. 

It should be pointed out that with the water-ratio fixed, the most 
important factor affecting the quantity of cement is the consistency or 
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fluidity of the mix. This has been brought out in considerable detail in 
the discussion of workability, where the large increase in cement required 
to produce very fluid mixtures was illustrated from Fig. 5. In view of 
this dependence of the quantity of cement upon consistency, it is evident 
that the contractor must determine for himself what mix he will find 
necessary with the given materials to produce the consistency which he 
will require. 

In the paper presented by the authors to the Structural Division 
of the Am. Soc. C. E., in October, 1925, a table was given which could 
be used as an aid to preliminary estimates of quantities of materials 
required. This table is reproduced in Fig. 7 with explanatory notes on 
the page facing. Attention is called to the fact that these data can be 
seriously misused. Evidence has already come to hand that the purpose 
and scope of this table have been misunderstood. In at least two cases it 
has been taken as the essence of the water-ratio specification and an 
attempt made to make portions of it the basis of a specification. It can 
not be made too plain that the essence of the water-ratio specification 
consists only in the requirement of definite water-ratios with the single 
qualification that aggregates be used in such quantities and combination 
as will give workable mixes. 

The water-ratio-strength relation shown in Fig. 7 is that from 
Abrams’ “Design of Concrete Mixtures” and is the one adopted as the 
basis of the attached specification. When mixes which are plastic and 
workable are used with these water-ratios, the strengths indicated should 
be obtained with a fair degree of accuracy. Likewise, the quantities of 
cement shown for the different mixes, are quite accurate for materials of 
the same character and assumed condition as those used as the basis for 
the tables. These mixes are based on sand and gravel of the range of 
sizes and grading shown and on the assumption of a bulking of 25 per 
cent for the sand and 8 per cent for the coarse aggregate due to moisture 
and method of measurement, If the materials encountered in the field do 
not have the same percentage of bulking or are of different gradings or 
other characteristics, the cement quantities will not be the same for the 
indicated mixtures. The table is least accurate in the slumps given for 
the water-ratios and mixes indicated. Slight changes in gradings or sur 
face characteristics may change the slump from one end of the range to 
the other. The best that is claimed for this feature of the table is that 
the data represent a fairly conservative estimate of the probable mixes 
required for average conditions to give the consistencies shown. 


TESTING ORGANIZATION Nor Rwequinen., 


The experience on this job demonstrated convincingly that no neces 
sity existed for an experienced testing organization to control the pro- 
portions. This does not mean that the usual and necessary testa of 
quality of materials should be dispensed with. It is intended only to 
refer to the matter of controlling the proportions and consistency, The 
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determination of the proportions for each class of concrete was exceed- 

ingly simple, as it was done by trial with the first few batches. None 

of the computations usually considered a necessary part of scientific con- 

trol of concrete was resorted to. Subsequent minor changes in propor- 

tions were made entirely by the concrete foreman. ‘The water-measuring 
FICS (Iixes AAA S¥rer7gG!/7s FOr 


Concrere Of GYVar? Werer-KROKV0 
= ela) 





ToOoO 





000}— 





IOI 





Yve Srrev7g//? 


of 28c0ys - 1b,0er 59-17? 


2009 











SOOO fF 














ol ¢S.gelons Of Worter per FF 1b. §QCK or corhenr 








Cor7? 





aad Ss 6 ° al 


Di aOR veadlnw Warned ee ese es 


Stump ih tix \Bb1 |x \B6/\ 7x \BOL| 77) \BEL N/T |\BO/ [PA \B/, 
? 


O- NO.F AMaWOIQlC; F777. 2.75 -3.25 (/00% 
£-/ 7-24 2.7 /-28) 2.5 (3.3) Z./ V-4N/8 ids 6 [5A 14 
2-3 |/-46| 3.5|/-2A| 2.7 |/-3./| 2.2)/-3.714.9 1-F31A7 V-PFOAlAS 
6-8 1/-42| &2)/-27 B./ 1/-2.6| 2.5 |/-3.2) 2./ /-3.8) 48 V-PFILG 
O- D7. TAOPDNC ; F.F73.50 -AIO (OS 70 BS% SNA) 














$-/|7-23| 29) 7-32] 2.3|--4%/ 49 |--9el 47 )-5.5|44|7-6Aa23 
2-3 | /-48) 24) /-2.7| 2.7 17-36) 2.2 1/-F%3| 48 1/-35./1 46 V-S.8| A+ 
6-8|/-/4 3.8) /-2.3| 29 |/-3./| 2-9 4-39 2Z.O'\-4O| 47 1-35.31 46 

7? CPOM CODEC ; FP. F.SO ~ 5. OOLFS 10 OS % SAS, 
/-2.6| 2.8)/-39) 2./ 17-5014 7 |7-GOlAF 17-701 42 17-78) A7 
2-3 1/-2/13./1/-39.31 2.3) /-FS| 48 /-3.5| 45 (/-6.5,43 |/-2741A2 
6-8 | /-/6|3.6|/-28| 2.7 |/-3.9| 2./|-99147V-SEAAS 17-6843 
O-/2 T?. AQOWVOAGPQATC ; FAT, 3.25 ~ 5.75 (30 0 FS%X5 























B-/ 1 7-282.71/-94 4.9 |/-59| 45 |/-7./|42\/-A/147 17-8209 
2-3 1/-2353./V-9A2./\/-S31 4717-69144 1/-745142 \7-8.6140 
6-8 |/-/8\ 3.9 (3.2 2.5V-9F4\ 2.0|7-39.614461/7-66| 43 17-77147 
O - 3172. FIVMCIOlTC; F/77.6.00 -6,.50 (27 42 FO%SING) 
(+ 3.0} 2.8) /- 5.3) 46 |/-68\43 |/-8/447/ V-9.310.9 \-703/0.8 
/-2.3)\ 2.8\/-96|48 17-5944 17-721 42 \/-BA4| LO l/-FPROD 
1-2.0|3.2\/-3.5| 2.2|/#49)47 | -SGOLF 1/-72142 |/7-83) 490 


Prom “Neater. Pare tor Concrete by (ASN hor & ole’, presented 
of the resting of fhe (a) Divi Arr Soc. Vwi LPagys. ASRS) ag 25 
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device was set, with proper allowance for moisture, by the architect's 
representative. The only duties performed by the testing organization as 
a part of the control of the conerete, consisted in making the moisture 
determinations on the aggregates, which could have been done by any 
intelligent man, 
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EXPLANATION OF TABLE OF MIXES AND STRENGTH IN FIG. 7. 

The principal purpose of this table is to aid in preliminary estimates 
of the quantities of materials required for concrete of a specified strength 
or water-ratio. The quantities, it will be seen, depend upon the size of 
aggregate and the consistency and may vary over a considerable range for 
concrete and any water-ratio. 

Considerable confidence may be placed in the relation between strength 
and quantity of water shown in the diagram as this has been established 
by many tests. Also the quantities of cement for the different mixes will 
be found quite accurate for a wide range in type and grading of aggre 
gate. However, considerable variations from the slumps shown may be 
expected due to minor differences in grading or type of aggregate. These 
can generally be overcome by adjustments in the proportions of fine to 
coarse or by slight changes in the total volume of the aggregate without 
sacrificing quality so long as workable mixtures and proper water-ratios 
are maintained. 

Field miwes are in terms of total volume of separated aggregates 
measured damp and loose. These values were obtained by assuming the 
bulking of the sand, due to moisture and method of measurement to be 
25 per cent and of the coarse aggregate 8 per cent. This method of indi- 
cating proportions should not be confused with the method of stating 
them in terms of volumes of dry and rodded mixed aggregates. 

Water-ratio is expressed in U. 8S. gallons per 94-lb. sack of cement. 
The quantities of mixing water in the diagram (also at the heads of the 
columns in the table) include the moisture in the aggregates; the quan- 
tity to be added to the batch is this quantity less the amount carried by 
the aggregates. 

Quantity of cement is in barrels per cubic yard to concrete and 
applies within the range of proportions of fine to coarse aggregates shown 
in the table. 

Strengths for the different water-ratios are based on 28-day com- 
pression tests of 6 by 12-in. concrete cylinders puddled in the forms, cured 
in a damp place at normal temperatures and tested in a damp condition. 
In comparing the strengths of concrete made on the work, it is important 
that the tests be made in accordance with standard methods. Strengths 
are based on the use of portland cement meeting the minimum require- 
ments of the standard specifications. 

Aggregates on which the table is based were graded to a fair degree 
of uniformity between the sizes indicated. The division between the fine 
aggregate (sand) and coarse aggregate is the square mesh No. 4 sieve 
(approximately 4% in.). The fineness modulus is the sum of the per- 
centages in the sieve analysis, divided by 100, when the sieve analysis is 
expressed as percents coarser than the following sieves: No. 100, 48, 28, 
14, 8, 4, % in., % in., 1% in., ete. An important characteristic of these 
sieves is that the size of the square opening of each is double that of the 
next smaller sieve. 

Slwmps indicated are for aggregates of rounded sand and gravel of 
the grading described and are based on tests using a frustum of a cone 
12 in. high, top diameter 4 in. and bottom diameter 8 in. 
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SPECIFICATION FOR CONCRETE AND CONCRETE MATERIALS 
AS USED IN THE CONSTRUCTION OF THE PORTLAND 
CEMENT ASSOCIATION BUILDING. 


Grand Avenue and Dearborn Street, Chicago. 


SUGGESTIONS TO BIDDERS. 


Attention to bidders is particularly called to the following concrete 
specification which differs materially from the ordinary form in that 
proportions of aggregates are not specified, while a limiting volume of 
water per sack of cement is definitely fixed. 

This form of specification has been adopted because it has been 
definitely shown by ample tests and construction experience that it is 
the proportion of water to cement that determines the strength of the 
concrete. This means that so long as the ratio of water to cement remains 
the same, changing the amount of grading of aggregate does not affect 
the strength, but only the consistency of workability of the concrete; pro- 
viding only that all mixes are plastic and workable and the aggregates 
clean and structurally sound. 

Under this form of specification the contractor is permitted, within 
certain limits, to use such aggregates and proportions as in his judgment 
will produce proper economy and workability. By keeping the water- 
cement ratio constant, uniform strength is assured, while the necessary 
consistency is obtained by varying the aggregate proportions as desired. 
Increasing the quantity of aggregate for each unit of volume of cement, 
with its fixed ratio of water, increases the yield of concrete, but stiffens 
the mass and may increase the cost of placing. Increased plasticity can 
he obtained by reducing the amount of aggregates used with each sack 
of cement, or by changing the proportions of fine to coarse. 

Bidders may find that in order to obtain the consistencies to which 
they have been accustomed, more cement will be required per cubic yard 
than was the case where increased fluidity was obtained by simply adding 
water. It is, therefore, suggested that trial mixtures be made to deter- 
mine the cement requirements for the different consistencies which they 
will use in the various portions of the building. In such trial batches, 
the moisture contained in the aggregate must be taken into account in 
securing the water-cement ratio specified. 

The following figures indicate how the cement requirement varies 
with the consistency. For concrete mixed with 6 U. S. gal. of water 
for each sack of cement, a consistency represented by a 6-in. slump would 
require 1% bbl. of cement per cu. yd. and by a 9-in. slump would require 
about 2% bbl. For concrete mixed with 7% gal. of water for each sack 
of cement, consistencies represented by a slump of 4 in. would require 
about 1% bbl. cement per cu. yd. and by a 7-in. slump about 15% bbl. 
These figures are for average aggregates available in this market. Some 
variation will be found with different materials or with different gradings. 











142 PorTLAND CEMENT ASSOCIATION BUILDING. 


Attention is further called to the manner in which allowance must 
be made for batch-to-batch fluctuations in water content. Instead of 
specifying the average water-cement ratios desired with a definite toler- 
ance, the maximum permissible values have been given, requiring the con- 
tractor to so conduct operations that these shall at no time be exceeded. 
This will enable the contractor to obtain increased economy as _ his 
methods of controlling the water are perfected, for, the smaller varia- 
tion, the closer the maximum permissible limits can be approximated by 
the average water content. 

The principal difficulties of controlling the mixtures under this type 
of specification will arise from variations in moisture content and grad- 
ing of the aggregate, and from inaccuracies in measurement—principally 
with the sand. The requirement in the specifications, that the source of 
aggregate be such that uniformity of grading can be assured during any 
one day’s operations, will largely eliminate some of the difficulty. This 
requirement will be found decidedly to the contractor’s interest and one 
that in this market should offer no hardship. If methods of measuring 
aggregates are adopted which will give uniform quantities from batch to 
batch, not only will other difficulties be eliminated, but the annoyance 
of moisture variation in the sand will be considerably minimized. For, 
with uniformity in quantities of materials and grading, the correct mois- 
ture content in the concrete can be gaged with considerable accuracy 
by the workability or consistency as indicated by the slump test or by its 
appearance, 

Determinations of the moisture content in the aggregate from time 
to time will be necessary in order that the water content will at all 
times be within the water-cement ratios specified. The frequency with 
which these determinations will be required and the consequent annoy- 
ance of making the requisite changes in the mix will depend entirely 
upon the care used in controlling the grading and uniformity of measure- 
ment and the moisture content in the aggregates. 

The measurement of moisture in the aggregate within the limit of 
accuracy specified (2 lb. water in 100 ib. aggregate) should offer no 
great difficulty. Either drying and weighing a small sample or by inun- 
dation will give results satisfactory for the purpose. 

Since this is likely to be a new form of specification to the bidder 
the owners will have on the job or immediately available at all times a 
man experienced in work of this character who will be ready to advise 
and assist the contractor in developing methods of carrying out the 
specifications and in overcoming any difficulties that may arise. 
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TABLE 1—MoistureE ConTENT OF AGGREGATES 




















Aggregate | Aggregate 
Coarse Fine | | Coarse Fine 
| | 
ln Moisture,| yp. Moisture, oo Moisture, | Moisture, 
Be — Per Cent —_ Per Cent Dee Fine- | Per Cent Fine- Per Cent 
(1925) | Modu- |°Y Weight) yyogy.| by Weight | (1995) | Modu- by Weight a by Weight 
lus wa | lus . lus lus er.) 
: Dry- | Inun- | ‘ae Dry- | Inun- 
Drying ing dation | Drying ing | dation 
| Substructure Superstructure 
| | 
8-20 | 7.99 | ee ees, J --- | 920) 6.01) 2.2 3.24 | 4.0 
$25 | 6.70 0 2.5 | 9-30 | 3.6 3.24] 4.2 | 
fiat 4.0 | 48 | 
bad eA 5.0 | 4.4 | 10-1 7.05 3.41 | 4.6 
~} oh BETS go | 102 | 1.7 12} 3.9 | 
ie | 4.4 | 4.1 
8-26 | 6.85 | 0 3.10 TS eee a2 
3.9 | | 10-3 7.00 2.0 3.06 4.1 | 
Beers Bk is | 105 | 6.75 2.3 3.09 | 4.0 | 
8-27 | 7.80 6. 8 scuad 4.8 | 10-7 | 6.93 1.9 3.18 | 4.3 
p> eae | 5.6 10-8 | 6.48 2.5 3.23 | 5.7 
8-31 | 3.11] 4.0 6.0 10-9 | 6.76 3.8 3.23 | 6.8 
9-2 | 3.05] 4.2 10-10 | 7.00] 1.0 3.4 
9-5 : = a 3.6 10-12 | 7.10 2.7 3.36 | 2.0 
ae Ec’ 3 aor 3.3 
| | 5.4 | | 40-16] 7.22] 19 3.35 | 42 
| 6.4 | 10-17] 6.99 2.2 3.19| 4.8 
| 5.0 ’ | 10+19 ve ee | 4.3 | 
3.02 3.8 | 10-22] 6.92) 2.7 3.20; 4.3 | 
9-9 8.03; 1.0 2.96) 5 4.0 | 10-23] 7.00 25 | 3.25) 4.6 | 
10) .... | 2.98 6.2 10-27 i 2.1 3.48] 4.8 
sees | ere 5 3 5 6 . | 2 0 | o I . 
O11 | 7.98 | 0 2.91] 5.4 | 4.2 10-29 ee 2 4.6 | 
0-14] 7.92 | 0 2.90 4.0 10-30 | 6.96/ 1.6 | 3.49] 4.8 | 
9-16 | 7.89 0 3.10| 4.4 3.2 10-31 2.0 | me a 
9-17 | 7.99 0 3.02] 3.5 | 11-3 > 23654 | 4.4 | 
9-19 Hy : 2.96 | 4.0 | 1-11 | 6.97] 1.7 | 3.43] 4.7 | 
921) 7.75) 1.3 3.20) 3.9 | ... | M42] 7.13) 20 | 3.39) 4.7 
| } | 11-13 6.89 2.7 | 3.43 6.3 | 
11-14 | 6.97 1.5 alt ae 
} 11-16] 6.96] 23 | 3.43] 4.9 | 
| 11-23 | 7.29] 1.8 3.31 | 4.4 
11-25 anak S41 wie We 
RB Eh nose OR | 
| 12-2 : 15 | ....| €3 | 
| | 12-3 6.90 1.8 ee ee 
124 6.86 1.5 3.40] 5.7 
1.6 | | 4.2 
122-5 | 6.62; 1.7 3.43 | 5.3 
|} 12-8 . aa big 4.9 
| | 12-9 | 7.01] 20 | 347/ 46 | 
12-14 co: 3.18 | 4.0 
| | 12-15] °° | 15 | 347] 42 
| 1-5-26 | 6.92] 1.8 3.18} 4.2 | 
| 1-6-26| 6.91] 1.8 3.15 | 4.1 
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TABLE 2—SuMMARY OF Srrenaru Tests ov Concrete rroM CAissons 


Compression tests of 6 x 12-in. cylinders. 
Tests grouped according to atmospheric temperature at time of placing based on the mean temperature 


as shown by U.S. Weather Bureau Records for the days when concrete was placed. 
Cylinders cured in damp sand on the job until a few days before test. 


Specimens Cured on Job | 

. Number of 

“ ; m Specimen: 

; Mean Age at T Compressive Strength, Ib. per sq. in flow 80° 
Temperature, | “8° ~ ent, — * — Per Cent of 

; day : 
degrees F. te Number of 1 | Required 
. | Specimens Highest Lowest Average Strength 


Required compressive strength: 2,000 Ib. per sq. in. at 28 days. Water-ratio specified: 744 gal. water per 
sack cement. 








l J 
81-85 | 3 | 4 1,190 820 | 1,080 | 
7 1880 | 1,230 =| 1640 | 
28 32 4,950 1,730 3010 | 1 
76-80 | ; | 9 | 4,440 320 940 
| 7 ” | 2,100 810 1,590 
28 20 3,570 1,710 ae 1 
71-75 3 | 6 1,300 830 1,030 
7 6 1920 | 1,300 1,620 | 
28 12 8120 | 1,710 2,730 =| 1 
64-70 ° 3 5 | 1,770 760 1270 =| 
7 7 3,140 | 1,130 1890 | 
28 16 4,440 2,110 | 2,930 | None 
| | | 
55-60 ; 3 1450 | 1190 | 1,280 | 
7 3 1,880 | 1,410 1,710 
28 | 6 2,800 2,340 | 2,650 | None 





Required compressive strength: 2,900 lb. per sq. in, at 28 days. Water-ratio specified: 6 gal. water per 
sack cement. 








) 
“= | 4 | | | 
‘ | 
| 28 6 4300 «| «63,320 «6| «(3,780 =| SS None 
7-80 | } 1 1,450 1,450 
? i | 2.250 250 
28 ' 3,300 | 2,600 2,930 l 
71-75 3 1 1,230 | 1,230 
7 l 1,940 1,940 
28 2 3,570 =| 3,360 3,410 None 
65-70 | 3 4 a0 | oo )6C| geo Cid 
7 6 we: 6©RReY ee: 
28 12 | 4400 | 2920 | 3540 | None 


March, 1926, 
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Conipression tests of 6 x 12-in. cylinders. : 
Tests grouped according to atmospheric temperature at the time of placing based on the mean temperature 


as shown by U. 8. Weather Bureau Records for the days when concrete was placed. 


Mean 
Tem- 


perature,| Test, 


Required compressive strength: 2,000 Ib. x 


46-50 | 


41-45 | 


Required compressive 


61-65 


‘1-4 


16-50 | 


41 45 


Age 
at 


days 


Specimens Cured in Laboratory at 70° F. 


Num- 
ber 
of 
Speci- 
mens 


} 


6 
6 
| 6 





stre 





High- 
est 


920 
1,630 
4,020 


750 
2,200 
3,860 


1,110 
2,080 
4,610 


830 
1,780 
3,460 


940 
1,080 
2,970 


ongth 


1,920 
3,260 
4,800 


1,590 
2,850 
4,870 


1,260 
2,140 
5,740 


1,020 
2,440 
3,540 
1,380 
2,260 
3,720 


1,060 
































Specimens Cured on Job 
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SUMMARY OF STRENGTH TEsTS OF CONCRETE FROM SUPERSTRUCTURE 


























j { Number : 3 umber 
Compressive Strength, of ee Strength, of 
b. per sq. in. Specimens Num- b. per sq. in. Specimens 
below of helow 
ie dee Dies Seah —on Guest ——| 90 Per 
Low- | Aver- | Cento! | mens | High- | Low- | Aver- Cent of 
Required ¢ 1 Required 
eat “8° | Strength = a age | Strength 
— * —E ———EEEE 
yer a. in. at 28 days. Water-ratio specified: 744 gal. water per 
sack cement. 
ca ew it Ret ds PE i 7 
480 650 | 5 730 260 560 
790 | 1,110 | 8 1,180 450 860 
1,660 | 2,640 1 ia § 2,570 1,180 1,790 4 
750 | te 830 830 
2,200 | | 1 | 1,160 1,160 
3,860 None | 1 Cie © én'tns 2,920 None 
420 630 .* oe 800 340 540 
1,170 1,500 | i; il | 1,540 660 1,030 
2,200 | 3,500 | None | Il | 2,620 1,480 2,150 1 
| | | 
500 700 8 | 800; 480 600 
1,050 | 1,330 9 1,130 530 860 
2,480 | 2,830 | None ” 2,780 | 1,080 | 1,820 5 
| 480) 490 ‘ sso | 290 | 540 
530 770 3 740 460 (40 
1,010 | 2,580 ; 7 2420 | 740 | 1,770 3 
2,900 Ib. per sq. in, at 28 days. Water-ratio specified: 6 gal. water per 
sack cement, 
j 
6 | 1,850 | 1,240 | 1,570 | 
8 | 3,100 | 2,200] 2,710 
| +s None 16 4,600 | 2,760 | 3,960 None 
1,210 | 1,520 | fe 2 1,440 | 890 | 1,100 
2,250 | 2,700 | 4 2,200 770 1,710 
3,900 4,400 None | 4 4,630 3,360 3,880 None 
| 
720 | 1,160 | 3 960 | 670 | 820 
1,880 | 2,480 2 2,100 1,430 1,770 
4,110 | 4,520 None | 1 2,560 cess | 2,560 l 
| 
510 | 1,030 2 1,190 670 930 
1,970 A |; 2 1,920 | 1,490 1,710 
3,220 | 5,110 None 4 | 4,580 | 3,550 | 4,420 None 
| 
500 | 760 | 2 | 700] 420] 610 
see08 2,440 | 1 | 2,100 an 2,100 
3,540 | None | 1 | 3,610 3,610 | None 
| | 
1,380 l 1,050 1,050 
2,260 | | 1 | 2,020 2,020 
3,720 | None | 1 3,500 | ..... 3,500 None 
410 | 850 4 1,2 350 | 860 | 
2,850 | 2,000 | 2 | 2,060 | 1,020 | 1,900 | 
2,400 | 4,180 1 4 | 3,860 | 1,380 | 3,050 1 
' 
it 











Sete aries 
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TaBLE 4—TeEsts oF CONCRETE FROM CAISSONS 


Compression tests of 6 x 12-in. cylinders. 

Tests grouped in order of date made. Temperatures are from the U. 8. Weather Bureau Records for the 
days when concrete was placed. 

Cylinders cured on the job in damp sand until a few days before test. 





Compressive Strength, lb. per sq. in. 





Temperature } Total 
Date degrees F’. Mix, Water, as a ob 
Made jump, 
(1925) and wal per in. 2,000 Ib. 2,900 Ib. 

_ —————| Loose | cement | 
Max- | Min- M 3 7 28 3 7 28 
imum | imum can Days | Days | Days | Days Days | Days 


Required Strength at 28 Days 








8-25 85 71 78 1:2.5-5 5.5 1 1,190 | 1,910 | 3,280 


e | 
| 


1:2.5-5 5.5 3, | 920| 1,690 | 3.390 
1:25-5 | 5.5 | 1 | 950] 1,500) 2560)... | 2... | 
8-26] 78 68 73 | 1:8:5 6.8 1g | 930] 1,590 | 2,820 
1:3:5 6.8 144 | 950 | 1,680 | 3,070 


8-27] 70 63 66 | 1:3:5 6.8 2 | .... | 1,280} 2,200 
1:2.6:4.5 | 5.9 Bae. cde. adncese Fas.. | A701 S000 

oll a eo 26a. ae 
1:3.4:4.3 | 8.0 144 | .... | 1,130 
1:2.6:4.3 | 5.9 SG casts cua accu... 190801 40 

are Heme eee “ee same 4,320 
8-29} 89 67 78 | 1:3:5 6.7 34 | 1,410 | 1,990 | 3,070 
1:3:5 6.7 1 630] 810] 1.710] .... 


8-31| 78 72 7 | 1:3:5 6.7 1% | 1,010 | 1,440 | 2,140 
1:3:5 6.7 ¥% | 830] 1,300] 1,710] -... | .... |... 
1:2.6:4.5 | 5.8 2 |...) 2... |... | 1,980] 1,900 3,570 
9-2 92 71 82 | 1:34:43] 6.9 3 |....].... [2980 
1:3.4:4.3 | 6.9 1%] .... | .... | 2,200 
1:3.4:4.3 | 6.9 4 SRS Pm 
1:3.4:4.3 | 6.9 ia SO, a 
1:34:43] 6.9 | 1%] 122. | 222! | 1810 
1:3.4:43 | 6.9 1% | 820] 1,230 2 
1:3.4:4.3 | 6.9 54 | 1,110 | 1,730 | 3°33 : 
aiaz | 60] sel teed i | | aaa 
vice gate SNe pee pepe, 
1:3:3.7 6.0 SPE Sees. eee Bee Bape) | 

sg pts. 90g Reet meg 


> 
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9-5 95 75 85 11:34:43) 7.1 9 
1:3.4:4.3 | 7.4 2% | 1,190 | 1,880 
1:34:43 | 7.4 144 | 1,190 | 1,700 


22 


88 
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1:3.4:4.3 7.9 144 











ss 





























mm C2 C8 bo bo G8 bo PO 8 
7 
t 
= 


Sww 


11:34:43] 6.7 | 16] .... 


| os 


| 














TABLE 4 


PORTLAND CEMENT ASSOCIATION BUILDING. 147 


Tests or CONCRETE FROM Caissons (Continued) 





Made 
(1925) 


9-10 


9-17 





9-19 | 














| 


4 


Mean | 


Temperature 
degrees F. 
Max- | Min- 
imum | imum 
| 
| 
} | 
aa 
91 | 69 | 80 
| 
| 
85 | 69 77 
| | 
| 
73 68 70 
68 64 66 
68 62 65 
| 
68 63 | 66 
| 
| 
8 | 6 | 7% 
| 
| j 
91 | 69 80 
| 
63 | 54 | 58 
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Compressive Strength, Ib. per sq. in. 





Required Strength at 28 Days 
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2,900 Ib. 
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TaBLe 5—Tests oF CONCRETE FROM SUPERSTRUCTURE 


Compression tests of 6 x 12-in. cylinders. 
Tests grouped in order of date made. Temperatures recorded are taken from U. 8. Weather Bureau 
Records for the days when concrete was placed. 






































Comgrenive Strength, Ib. per sq. in. 
BRIS Oh anh toe Sng a alte 
—— Mix | R re Required Strengt! h at 28 Days 
Mate | Damp | gal Curing, 2,000 Ib. 2,900 Wb. 
(1925) } and | per |Slump,|Condi-| : = coal te aise 
| Loose | sackof| in. | tion | 
Max- | Min- | cement ws ey 28 3 7 28 
imum | imum Mena | | | Days | Days | Days | Days | Days | Days 
| |] |} —_ | — —— -| ———-} —— 1 | anil 
| | | | 
-29| @ | 63 | 66 | 1:2:3 | 5.7 | 2 | Job | 4,300 
| | j rT] | 1 | “ | ‘ oF } 4,080 
| 4 1,560 | 2,780 | 3,725 
| 2,760 
3 9 | veel 1,240 | 2,530 | 3,820 
| al 3,940 
+30] 65 | 60 | 62 /1:2.1:3.5| 6.6 | 3% 1,850 | 3,100 | 4,690 
eho 4,220 
fi = fe 1,450 | 2,380 | 3,870 
ke 3,760 
3,840 
| 3,600 
10-1 70 | 60 | 65 6.3 21 2,700 | 4,300 
3,920 
10-2 | 67 59 | 68 | 1:2:3 | 5.3 24] “ | 3,080 | 4,550 
10-3 | 66 | 61 2 Be 6.56 | 4%4| “ | | 1,540 | 2,290 | 3,870 
1,770 | 2,780 | 3,900 
10-5 | 58 | 45 52 | 1: 1,9:3 | 5.6 | 3 | Lab. | 1,650 | 3,260 | 4,770 
* | 3% | Job | 1,970 | 4,630 
10-7 52 44 48 borg 5.4 | 7%] Lab. | | 2,710 | 4,580 
10-8 | 59 | 43 SL | 1:1.9:3 | 6.0 684 | Job 980 | 1,810 | 3,620 
Lab 1,210 | 2,560 | 3,900 
| 1:2:3.5 | “ | 74 | Job 890 | 1,770 | 3,360 
n ee | 1,370 | 2,250 | 4,120 
10-9 | 46 | 37 42 |1:1.9:3.5| 6.1 | 7 | Job 670 | 1,920 | 3,550 
“4 TS | Lab. | 510 | 2,140 3,2 0 
10-10} 46 | 33 40 | 1:1.9:2.5) 5.0 | 634 | Job | 790 | 2,100 | 3,610 
Si es Moe eam, | 1,020 | 2,440 | 3.510 
10-12 | 56 49 | 52 | 1:2:3 5.74 | 5% | Job | 1,440 | 2,290 | 3,900 
Cody eae | Lab aa | 1,920 | 2,740 | 4,800 
10-16 | 55 | 43 | 49 5.82 | 7% | Job 960 | 2,100 | 
Tse | Lab. 1,590 | 2,850 | 4,870 
10-17 | 50 37 44 §.42| 644] “ 1,230 | | 5,340 
SSP oe. % 1,160 | 5,500 
1,020 | 5,200 
a 890 4,580 
1:2:3.2 | 5.73| 64%/| “ | 1,090 | 5,230 
| r* oe 4 1,050 | | 5,630 
10-22 | 47 35 | 4 | 12:3 5.97 | 5 | Job | 1,190 | 
| * | Lab. 1,260 | 
| 744 | Job | | 1,490 
Lab. | | 1,970 | 
| + Job . | 4,330 
| . Tihs ~ <a | | 5,740 
| 1:2.67:4| 7.44| 3 | Job | 830! 
$8 é “| Lab. | 750 | 
/1:2.67:3.3| 7.07 | 634 | Job | . 1,160 | 
} Pie ¥ < | i | | 2,200 
| 1:2.4:3.5] 7.19] 6 | Job | 2,930 
Pasiere oe an 3,860 
10-23 | 54 40 47 6.84 Job | 730) | 
a s Lab. | 920} 
3% | Job | 1,080 | } 
"| Lab. 1,630 
6% | Job | | 2.450 | 
| “| Lab. | | | 2,920 | 
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TaBLeE 5—Tests or CONCRETE FROM SUPERSTRUCTURE (Continued) 











Temperature, 
Date degrees F. 
Made 
fn ee 
Max- | Min- | M 
imum | imum } * ean 
| 
ane Bail hited 
10-27! 34 | 26 | 30 
' 
10-29} 29 | 19 | 24 
| 
10-30 | 36 23 30 
| 
10-31 | 43 | 28 36 
11-8 51 43 47 
1-11 | 57 39 | «48 
11-12 | 50 46 48 
11-13 | 56 44 30 
' 


Mix, 
Damp 
and 
Loose 





| 


| 

Total | 

Water, 
gal. 
per 

sack of 





| cement | 


in 
~~ 


5.78 


7.41 
81 


"ee 
tS 


ee 
ne 


5.78 


6 


>. 89 


7.01 





92 


Slump, 
in. 








Curing 
Condi- 
tion 


| 
} 
| 





Compressive Strength, |b. per sq. in. 


3 


Days 


_ 


230 
180 


600 


2,000 Ib. 


Required Strength at 28 Days 





| 








7 
Days 


740 
700 


1,320 
1,410 





28 
Days 


740 
1,110 


3,380 














2,900 Ib. 
| 201 304 
Days | Days | Days 
| 
| 350 | 
410 | 
740 
| 1,080 
° 1,380 
2,480 
1,260 
9R0 
| 1,880 
3,510 
| 4,333 
| | 
| | 
850 | 
| 960 
| 1,920 
| 2950 
| 3,460 
5,120 
| 420 | ‘ 
| 500 
Bey 
| 
} 
i | 
670 | a a 
 } Beer 
scone RUE oda 
. | 1,880 - 
asl . | 2,560 
| 4,110 
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TaBLe 5—TeEsts oF CONCRETE FROM SUPERSTRUCTURE (Continued) 





Temperature, 

Date degrees F’, 
Made 
oy SAUNT te be 

Max- | Min- | 

imum | imum Mean | 

| 

11-14 | 45 36 40 
11-16 37 32 34 
11-23 | 33 20 26 
11-25 46 34 40 
12-2 40 32 36 











ee ee oe 








Total 
Water, 
gal. 
per 
sack of 
cement 


89 


55 


4 


7.27 
7.4 


6.34 











. Le 
Slump, | Condi- 
mm. | tion 

a 
| 
7 | Job 
- Lab. 
714 | Job 
big Lab. 
6% | Job 
a Lab. 
7% | Job 
y Lab. 
634 Job 
™ Lab. 
615 Job 
‘ Lab. 
9 Job 
8 Lab. 
-" Job 
. Lab. 
Bly Job 
. Lab. 
614 Job 
5 Lab. 
6 Job 
a Lab. 
& Job 
; Lab. 
5% | Job 
. Lab. 
616 Job 
5% Lab. 
7 Job 
s Lab. 
| 614 | Job 
Tis Lab. 
5% | Job 
ty Job 
6 Job 
r Lab. 
5% | Job 
7 Lab. 
616 | Job 
= Lab. 
7 Job 
“eg Lab. 
7% | Job 
pes Lab. 
7 Job 
= Lab. 
tBe Job 
ae Lab. 
| 5} 2 Job 
~ Lab. 
tee Job 
«| fab. 
the Job 
: ? Lab. 
| 7 Job 
ape Lab. 
Job 
Lab. 
Job 
| Lab. 





| Compressive Strength, lb. per sq. 


in. 





Required Strength at 28 Days 


























2,000 Ib. | 2,900 Ib. 
1317 {283 | 7 
Days Days Days | Days Days 
} | 

460 
480 | 
| 720 
910 | 
| 1,490 | 
| 1,660 | 
340 
430 | | 
| 710 | 
| 1,300 
1,480 
| | 2,200 
1,050 
1,380 
2,020 
| 2,260 
520 | 
780 | 
| 1,130 
1,780 
2,780 | 
| 3,220 | | 
530 | | 
510 | | 
710 | | 
| 1,080 | | 
| 1,310 
1,520 | 
520 
330 | 

| 460 | 

| §30} 

| 1,010 | 

1,010 

450 
470 | 

| 790 | 

| 1,170 | 

| 2,200 

| 3,500 
460 | | 
420 | am 
| 860} 

; 1,420 | 

2,460 | 
e | 3,680 
350 | 
720 | | 
iy 
.. | 1,720 
[Pee ST 
3,860 | | 

400; .. 
580| | 
eee ee 
.. | 1,200 | 

oe | 2,240 
4,220 | 
#e8 


28 
Days 
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TaBLeE 5—Tests or ConcrETE FROM SUPERSTRUCTURE (Continued) 
| | Compressive Strength, lb. per sq. in. 
‘ so—sstuesonsstnsstnasiiseesensnestnsiepuiesepishienee 
Temperature, Total | | : ; 2 
Date degrees F. Fe wae, ‘si \ouns| Required Strength at 28 Days we 
» | mp gal. |Slump,|Condi- ? : 
baa and per in. tion 2,000 Ib. 2,900 Ib 
raed Loose | sack of | ee ee 
| Max-| Min- | cement | | ie 7 28 3 7 28 
| imum | imum | Mean | | | Days | Days | Days Days | Days | Days 
j | | 
12-3 45 34 | «40 
| 1:2.7:4 | 6.92] 7 | Job | 780] | | 
: oe ee be 670 | 
is Job | | 1,080 
Rey Lab. 1,450 
6% | Job | ||| | 2,020 | 
= Lab. | Bs 3,320 
ee Job 660 | 
‘ Lab. | 780 | 
| “ | Job 450 | | 
Ee. Lab. | 620 | 
Job |} 1,380 
} a OE ie “ Lab. | 1,620 
Son Melt? “te | 1,350 | 
. “Sine ' °c) ae 1,810 | 
Job | 1,950 | | 
Lab. 3,800 | 
Job | . 1,990 | 
yr 7 | é' Lab. | 3,460 
12-4 51 42 | 46 ~ | 6.98 | 64 | Job 690 | 
* | | Soir ~~ ae 790 
| 714 | Job | 1,180 | | 
“| Lab. | | 1,520 
6% | Job | | 2,570 
| , eS ee | 4,020 
12-5 45 20 32 e 7.27 744 | Job 800 
| | | Lab. | 760 
Job 610 | 
* | Lab 730 | 
8 Job | | 870} 
* Lab. | | 1,360 | 
Job | | 920 
| Lab. | 1,050 | 
6 | Job | 2,420 | 
7m Lab 3,300 | 
| Job 1,930 
7 | Lab 3,200 
12-9 5 | 25 0 1:2:3 5.2 | 1%g-2] Job 970| .... | 
i Lab 1,060 | 
Job | 2,060 
Lab 2,850 
Job | | 3,860 
| } Lab | | 4.870 
12-14 | 36 27 32 | 1:2.7:4 | 7.21] 714] Job | 480 
Lab | 610 | 
8 | Job | | §20 ey } 
_ Lab | 1,260 | | ‘ad 
| * | 6% | Job .-» | 1,560 | | 
: oba Lab. | . | 2,810 | | Conk 9 
: Sahl f° feed 4.) SG P owe 
: Sa 2 Lab. | .... | 1,380} < } 
| | 7% | Job wash 1,520 ob 
Vy Lab. | ....] .... | 2,720] 
12-15 | 33 29 31 % 7.41] 8 Job 600} .... 
a Fa Lab. | 830 | 
ee 7% | Job - 950; ....] | | 
Ss. - Lab we. | 1,550 | 
ss | 8 Job ~ | 1,550 } | 
| * | Lab | 2,620 | 
ae 8'4 | Job | ae | | 
Ghee: om Lab. 690; . Rese 
BA 74 | Job | ....] 980] ....| Leeks 
™ = Lab. : ee | | ib i 
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TaBLe 5—Tests or ConcRETE FROM SUPERSTRUCTURE (Continued) 





Compressive Strength, lb. per aq. in. 
































AS | —J Mix, Wane, _— Required Strength at 28 Days 
Made Damp | gal. |Slump.|Condi- 2,000 Ib. 2,900 Ib. 
(1925) ab per m. | tion 

Oleg § 3 F Loose | sack of a poll eee: aN Ne EO Be 
Max- | Min- | Mean cement 3 7 28 3 7 28 
imum | imum Days | Days | Days | Days | Days | Days 
1:2.7:4 7Al ~ Job 2,130 } | 
ne P ae is 3,460 
Ni 7% | Job 550 nf: | 
F a Lab. 590 “ 
* Job 630 ¥ | | 
7 ” Lab. 620; ... ‘ie 
8 |Job | ....| 530| | | 
pe Lab. ; a j er | | 
Sie Lis 950) . 
rw Lab. | . 1,370 
7% | Job | ... . | 1,420 | 
7 Lab. ; ; 2,480 | | 
se Job ‘ re 1,080 | 
my > Lab. ‘ ; 2,520 | | 
1-5 36 40 38 se 7.28 7% a 470) .. | 
1926 4 na - “ab. 400; .. | 
2 oa * Job ~++» | 1,020 
2 Lab. Rs 1,200 
5 Job in ’ 2,620; . | 
Lab. | . a 4,610 
Job 680 | | 
a Lab 660 | 
744 | Job ie 1,540 | 
; “ Lab. | . 2,080 | 
m 7 | Job ++» | 2,280 | 
ee " “| Lab. 4,330 | 
1-6-| 35 | 26 | 30 | “ 7.07} 8 | Job | 1,880) ....| ....| 
1926 3 “ | Lab. | 1020] ... | 
7.28) 6 | Job | .... | 2,000 
z “ + lab. | .... | 2,580 
et ie 5% | Job |... ; 2,420 
| | | Lab. ~~ .«++ | 8,970 
6% | Job | 1,160 9 | 
| | ¥ Lab. | 1,280) . aa pe } 
7% | Job | .... | 1,680] ....] . saab 
| | = Lab. poet EP  éccn , 
os Job ey . | 2,320 
| | } - Lab, . 3,400 
| r% ys s Job | 1,010 nie 
| | 5 rs re, Lab. | 1,270 a ate 
“| Job .. | 1,730 
“| Lab. | 2,240 
| } | | 7% | Job | 2,310 
= Lab. \ } 3,600 
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TABLE 6 -SUMMARY OF SIKVE ANALYSES OF AGGREGATES 
Sieve analyses made with square mesh wire cloth sieves 


Amount Coarser than Each Sieve, Per Cent by Weight 


Sieve Size 








Fineness 
Ayyregate j ; j Modulus 
No. | No. | No. No. | No. No. a4 a 1! 3 
100 | 48 28 14 . 4 inch | inch | inch | inch 
| 
Substructure 
' | 
Crushed Limestone: | | 
Highest | 100 100 100 | 100 | 100 | 100 | 100 rr) 4 0 8.03 
Lowest 100 | 100 | 100 | 100 | 100 | 100 | 70 0 0 0 | 6.70 
Average (10 tests)| 100 100 | 100 | 100 | 100 | 100 04 7% | O 0 7.69 
| } | 
Sand | | 
Highest os 89 | 65 46 2 0 3.34 
Lowest on 88 50 30.) #17 6 0 2.00 
Average (14 testa at | 56 4 | «19 7 0 3.06 
Superstructure 
ge | 
Gravel | 
Highest 100 | 100 | 100 | 100 | 100 | 97 | B2 | 50 0 7.29 
Lowest | 100 100 100 100 | 100 ay 45 Mm} «€O 6.48 
Average (26 tests)! 100 | 100 | 100 | 100 | 100 | 95 68 31} (0 | 6.94 
} | | 
Sand | | 
Highest | 9 | 93 | 70 48 | 30 0 | 0 3.40 
Lowest 9 | 98 57 | 32 | 18 tee | 3.06 
Average (20 testa) | 09 91 63 | 42 | 26 10 | 0 » a 3.90 
| | 


March, 1026 
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SPECIFICATIONS FOR CONCRETE AND CONCRETE MATERIALS. 
WaATER-CEMENT RATIO, 
Concrete for structural members shall be proportioned to give the 
necessary workability without exceeding the following ratios of water 
to cement: 


Where concrete of strength of Where concrete of strength of 
2,900 lb. per sq. in. is called 2,000 Ib. per sq. in. is called 
for for 

6.0 U. S. gal. water per sack 7.5 U. S. gal. water per sack 
(94 lb.) of cement. (94 lb.) of cement, 


These water-cement ratios are the maximum permissible. The mixes 
shall be proportioned for somewhat lower ratios so that with the normal 
fluctuations which may be expected from batch to batch these ratios will 
not be exceeded. Water or moisture contained in the aggregate must be 
included in computing the water-cement ratios. Water absorbed by the 
aggregate in a period of 30 minutes may be deducted in computing the 
water-cement ratio. 

The water-cement ratios specified shall not be changed except by the 
architect. In the evént that the architect finds it necessary to change 
the water-cement ratios from those specified, adjustment, covering amount 
of cement and aggregates affected, will be made as an extra or a credit 
under the provisions of the contract. 


MEASURING MOISTURE IN THE AGGREGATE, 
Moisture in the aggregate shall be measured by a method, satisfac 
tory to the architect, which will give results within 2 lb. for each 100 Ib 
of aggregate. 


CONCRETE PROPORTIONS AND CONSISTENCY, 

The proportions of aggregate to cement for concrete of the water- 
cement ratios specified shall be such as to produce concrete that can be 
puddled readily into the corners and angles of the form and around the 
reinforcement without excessive spading and without undue accumulation 
of water or laitance on the surface. In no case shall concrete be placed 
which shows a slump exceding the following limits: 


For Caissons ~—-Max. Slump 4 in. 
For Heavy Walls, Slabs and Beams y oy ee 
For Thin Walls and Columns = i 9 * 


The proportion of fine and coarse aggregates shall be such that the 
ratio of the coarse to the fine shall not be less than 1 nor more than 2, 
nor shall the amount of coarse material be such as to produce harshness 
in placing or honeycombing in the structure. When forms are removed, 
the surface and corners of the members shall be smooth and sound 
throughout. 
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CONTROL OF PROPORTIONS, 


The methods of measuring materials shall be such that the propor- 
tion of water to cement can be closely controlled during the progress of 
the work and easily checked at any time by the architect or his repre- 
sentative. 

To avoid unnecessary or haphazard changes in consistency, the aggre- 
gates shall be obtained from a source which will insure uniform quality 
and grading during any single day’s operation, and they shall be delivered 
to the work and handled in such a manner that variations in moisture 
content will not interfere with the steady production of concrete of a 
reasonable degree of uniformity. 


TESTS OF CONCRETE. 


Frequent tests will be made by the architect throughout the work 
to determine the quality of concrete being produced. These tests will be 
made at the expense of the owner and will, in general, be made on 6x 12- 
in. concrete cylinders loaded in compression at ages of 7 and 28 days, 
in accordance with the Standard Method of Making and Storing Speci- 
mens of Concrete in the Field (Serial Designation: C31-21) of the Amer- 
ican Society for Testing Materials. 

The contractor shall co-operate in every way to the end that concrete 
of the desired quality be obtained. He shall provide at cost, such housing 
as may be required for testing equipment and storage of test specimens; 
such cost to include only labor and materials actually used. 


PORTLAND CEMENT. 


Portland cement shall conform to the Standard Specifications and 
Tests for Portland Cement of the American Society for Testing Materials 
(Serial Designation: C9-21). 


FINE AGGREGATE. 


Fine aggregate shall consist of natural sand having clean, hard, 
strong, durable, uncoated grains and free from injurious amounts of 
dust, lumps, soft or flaky particles, shale, alkali, organic matter, loam, 
or other deleterious substances. The sand shall be of such sizes that it 
shall all pass a %-in. sieve, at least 15 per cent shall be retained on the 
No. 8 sieve, and the fineness modulus shall not exceed 3.50. 


COARSE AGGREGATE. 


Coarse aggregate shall consist of gravel, crushed stone, crushed air- 
cooled blast-furnace slag weighing not less than 70 lb. per cu. ft. or other 
approved inert materials, having clean, hard, strong, durable, uncoated 
particles free from injurious amounts of soft, friable, thin, elongated or 
laminated pieces, alkali, organic or other deleterions matter, Coarse 
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aggregate shall not have more than 10 per cent finer than the No. 4 
sieve and the maximum size shall not be greater than will permit proper 
placement. 


STORAGE OF AGGREGATE. 


Aggregate shall be so stored as to avoid inclusion of foreign mate- 
rials. Frozen aggregate or aggregate containing lumps of frozen material 
shall be thawed before using. 


WATER. 


Water for concrete shall be from the Chicago water supply or other 
approved source. 


MIxInGc CONCRETE. 


The concrete shall be thoroughly mixed in a batch mixer of approved 
type. The mixer shall be equipped with suitable charging hopper. A 
water-storage and water-measuring device shall be provided. The mixing 
of each batch shall continue for at least one minute after all the materials 
are in the mixer during which time the mixer shall rotate at a peripheral 
speed of approximately 200 ft. per minute. 


DEPOSITING CONCRETE. 


Concrete shall be handled from the mixer to the place of final deposit 
as rapidly as practicable and in a manner that will prevent segregation 
of the ingredients. It shall be deposited in the forms as nearly as prac- 
ticable in its final position to avoid rehandling. Concrete as it is de- 
posited shall be puddled by means of suitable tools until forms are com-. 
pletely filled and reinforcement and embedded fixtures thoroughly incor- 
porated in the mass. 

Water shall be removed from excavations before the concrete is de- 
posited, unless otherwise directed by the architect. 

Concrete when deposited, shall have a temperature of not less than 
40 deg. F. and not more than 120 deg. F. Concrete shall be deposited 
continuously and as rapidly as practicable until the unit of operation, 
approved by the owner’s representative is completed. 

In freezing weather suitable means shall be provided for maintaining 
the concrete at a temperature of at least 50 deg. F. for not less than 72 
hours after placing. or until the concrete has thoroughly hardened. The 
methods of heating the materials and protecting the concrete shall be 
approved by the architect. Salt, chemicals, or other foreign materials 
shall not be mixed with the concrete for the purpose of preventing 
freezing. 


PROTECTION OF CONCRETE. 


Exposed surfaces of concrete shall be protected from drying for a 
period of at least 7 days after being deposited. 











DISCUSSION. 


L. F. Harza.—I would like to add a word of emphasis to what Mr. Mr. Harza. 


McMillan has said about drawing specifications in such a way that obtain- 
ing good concrete is an object on the part of the contractor. Several years 
ago I was engineer of a dam in Northern Wisconsin, and on the old usual 
form of specification there was a continual battle from the beginning 
to the finish of the job to get good concrete. 

Recently, in connection with another dam built by the same con- 
tractors and the same superintendent under a specification similar to Mr. 
MeMillan’s, although by no means as simple and direct, | obtained the 
best concrete I have ever obtained with almost no argument with the 
contractor. The way it was done was this: a sufficient mixture was 
adopted, based upon preliminary tests, which would obtain the desired 
strength of concrete with an 8-in. slump, considering that to be the maxi- 
mum slump which could be used without dangerous segregation. In the 
specifications it was stated that the contractor, if he would co-operate 
by using a smaller slump, could reduce the cement content to maintain 
approximately a constant water-cement ratio. 

At that time I feared the effect of the moisture content of the aggre- 
gate and therefore determined a curve of the relation of slump to water- 
cement ratio, with the purpose of controlling the water-cement ratio 
through the slump as an indicator. The contractor soon found that it was 
an advantage to him and an economy in cost to put in relatively stiff 
concrete and most of the concrete went in with a slump of 4 or 5-in. and 
often less, with no segregation, no laitance or surface water, and tests 
which were made continuously showed that the concrete in every class 
averaged above the specified strength, and the contractor made an extra 
profit by making good concrete. 

CuaRLES E. Nicuots.—Mr. McMillan expressed satisfaction with the 
specification for obtaining the desired quality of concrete. Presumably 
that satisfaction is from the viewpoint of the engineer who wants his 
strength and the degree of workability which will give a good finished 
appearance. The contractor has, as well as that interest, his own pocket- 
book in mind, and I should like to ask him whether, after his experience 
on this job, and putting himself in the shoes of the contractor, he would 
go so far as to say that in his opinion more expensive equipment which 
would give greater accuracy in measurement, would or would not have 
resulted in greater economies to the contractor? 

Mr. McMILLAN.—More expensive equipment would have resulted in 
a higher cement factor by controlling that fluctuation. Whether it would 
have resulted in a total net economy depends on the plant, the size of the 
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Mr. Nichols. 


Mr. McMillan. 
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Mr. Lovejoy. 
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Mr. Cummings. 
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job and the cost of the cement. I know the contractor on the job was 
well satisfied with the specification. 

C. H. Lovesoy.—It is sometimes necessary to overcome psychological 
inertia and change the specification; it varies with the building code. 

Mr. McMILLAN.—My interpretation of the building code is that 
2,000-Ib. concrete is desired. There is a little ambiguity there. One can 
use either a 1: 2: 4 mix or a 2,000-lb. concrete. Our results show that we 
got it. We believe that it complies with the liberal reading of the building 
code and satisfies its spirit. 

H. P. Cummines.—Have you ever had any experience in applying the 
water-cement ratio principle to a concrete using a crushed slag aggregate? 
What would be the cement in the water-cement ratio if a dry porous slag 
was used that would absorb in itself a considerable amount of the water 
used ? 

Mr. McMILLAN.—I have not, but I may state that I believe it could 
be as described by Mr. Ahlers by working out his curve. It would take 
some little experimental work to find out what mixes and what water-ratio 
you wanted on that job. Having determined that, you can work that 
curve through the rest of the operation. We have the question of the 
absorption and the aggregate in ordinary stone and gravel aggregate, 
and undoubtedly some of the variations shown here and in the other tests 
reported, have been due to the absorption of the aggregate itself. In the 
ordinary aggregate, that is a minor factor and one we can go into only 
with more refined methods. 

C. 8. Jonnson.——-Would you use more refined equipment? It might 
be of interest to say that the contractor on the portland cement building 
is now investigating equipment to get more yield to the yard by this 
method of mixing. 

Mr. McMiILLan.—Both the contractors on this building have had 
previous experience with more refined equipment and presumably they 
knew what they were doing when they did not ship it into this job, because 
the job was a very small one, four or five stories. 


ws. 

















New EXPERIENCES IN CONCRETE CONTROL. 


By Joun G. AHLERS.* 





An attempt to clarify the problem of concrete control by | 
making field work much simpler and hence supervision easier. | 
Accomplished by a contractor’s organization in co-operation | 
with engineering firms on six building operations. Using | 
water-ratio theory only, strength is regulated by constant bal- 
ance of water to cement by weight in simple device—allow- 
ances made for moisture in aggregate. An outline of field 
procedure and a proposed specification for concrete by this 
method. A discussion of the possible errors and tolerances 
due to variables. Conclusions reached from tests made. 











Part I—REVIEW OF WATER-RATIO THEORY AS SUPPLIED TO A CONTRACTOR’S 
FIELD OPERATION WITH ASSUMPTIONS USED. 
PaRT 2—CONSIDERATION OF STRENGTH. 
Part 3—CONSIDERATION OF ECONOMY. 
Part 4—ILLUSTRATIONS OF A JOB PROCEDURE. 
Part 5—PROPOSED SPECIFICATION FOR CONCRETE, 
Part 6—VARIABLES CAUSED BY JOB CONDITIONS. 
Parr 7——-CONCLUSION, 


Part I 


Application of water-ratio theory to field operations and 
assumptions based thereon, 


There is accumulating a large collection of literature on the subject of 
design of concrete and its simple presentation or method of control. This 
paper is written in an attempt to clarify the problem so that in the end 
good uniform concrete of even strength will be obtained by simple methods 
and hence much less detail of supervision. 

The procedure outlined in this paper was developed during the process 
of instructing the Barney-Ahlers field organization in control of concrete 


* Barney-Ablers Construction Corp., New York City. 
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by the water-cement ratio. A part of what follows is also from explana- 
tions written for engineers and architects for the purpose of gaining their 
co-operation when they did not have time to become familiar with or study 
the subject in detail. 

To the following engineering firms acknowledgment is hereby given as 
without their co-operation and permission the valuable experiences of field 
operations of a theory would not have been possible. 


George 8. Kingsley Thomas Brothers’ Warehouse 


Architect 


Francisco & Jacobus 
Engineers and Architects 


Westcott & Mapes 
Engineers and Industrial 
Architects 


Parker & Shaffer 


Brooklyn, New York 

1,845 yd. concrete. 

Lenox Laundry 

Mt. Vernon, New York 
1,717 yd. concrete, 

Patent Button Co. 
Waterbury, Conn. 

2,474 yd. concrete. 
National Metal Etching Co. 








Engineers Long Island City, N. Y. 
2,170 yd. concrete. 
Robert D. Kohn R. H. Macy Warehouse 
Architect Long Island City, N. Y. 
3,500 yd. concrete. 
James J. Bevan E. Ruwe Printing Co. 
Architect New York City, N. Y. 


2,750 yd. concrete. 


The concrete placed under their supervision was controlled by the pro 
cedure outlined below, handled during the summer and fall of 1925 by the 
Barney-Ahlers Construction Corporation and at the time of writing is not 
entirely completed. 

The tests reported herewith are from part of these operations. ‘The 
procedure eliminated the age old controversy between engineers and con 
tractor as to proportions of cement to aggregate. This was because the 
water-ratio theory was accepted as proved and that strength is governed 
solely by the amount of water used per bag of cement as long as the con- 
crete is plastic and workable and not by the ratio of cement to aggregate. 
The average engineer and architect do not realize, perhaps, as much as the 
best concrete man, how narrow are these limits of plasticity and work 
ability, but when maintained the theory holds good in field practice. 

It is well to start from a clear exposition of the facts relating to the 
water-ratio theory now generally accepted and the following extracts are 
quoted rather than referred to, as the theory must be kept in mind and 
used in following the procedure outlined. 

From pamphlet “Design and Contro! of Concrete Mixtures,” published 
by the Portland Cement Association : 
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Water Kario THueory, 


The water ratio theory is that, for given materials and conditions of 
manipulation, the strength of concrete is determined by the ratio of the volume 
of mixing water to the volume of cement (water ratio) so long as workable 
mixtures are obtained. In other words, if one cubic foot of water is used for 
each cubic foot of cement in a concrete mixture the strength at a given age is 
fixed regardless of what quantities of other materials are used, #0 long aa the 
miature ia plastic and workable and the a oe are clean and made up of 
sound, durable particles. The significance of this important conclusion is more 
readily appreciated when the cement paste is thought of as a glue binding the 
aggregates together. The addition of excess mixing water serves only to dilute 
the glue and reduce the strength. Less than 2 gal. of water is sufficient 
to hydrate one sack of cement. While it is necessary to use more than this 
amount to produce a workable mix of concrete, any water in excess of that 
required to hydrate the cement reduces the strength and makes a more por- 
ous concrete, 

The quantity of cement, the plastic condition or workability of the con 
crete (whether it is wet or dry) and the size and grading of the aggregate 
affect the strength of concrete only insofar as they affect the quantity of water 
required in the mix. The important influence of these factors has long been 
recognized, but the part played by each was not clearly understood until their 
relation to the quantity of mixing water was demonstrated. 

More than 100,000 tests made at the Structural Materials Research Labora- 
tory and numerous tests made at other laboratories have demonstrated the 
necuracy of the water ratio theory. For concrete made under average condi 
tions and cured in the presence of moisture, the compressive strength may be 
expressed by the equation : 

14000 


ren in which (Equation 1) 
x 


Se= compressive strength of concrete at 28 days, lb. per aq. in. 
w 
@e= water ratio (— ) (an exponent). 
0 
From the above equation it will be seen that the compressive strength 
w 
(S) increases as the water ratio (2——) decreases, It should be pointed 


out that these constants were determined for definite conditions of test. It 
would not be expected that exactly the same constants would be found for 
other materials and other conditions of test. 

In Fig. 1, curve A represents this equation and curve B, the equation 


14000 
oon - (Equation 2) 
ox 


This latter equation differs from the first 4 in that the constant in the 
denominator is 9 instead of 7. It gives strengths approximately 500 Ib. per 
#q. in. lower than the first, and may be considered as a reliable indication of 
the minimum strength to be expected where the conereting operations are 
not under rigid control. As an example in the use of this diagram it will be 
seen that if concrete is mixed with a water ratio of 1.00 (7 gallons of 
water per sack of cement) the strength at 28 days which would be expected 
under average conditions ia 2000 Ib. per sq. in. (curve A) and that the mini- 
mum strength ia 1500 Ib. per aq. in. (curve B), 


From Oonorete, 1925. 
“Morne Research Work.” 
What the Bureau of Standards Is Doing to Solve Many Problems 
Relating to Conerete, 
By Wrank A. Hitcheock. 


Water-Oement Ratio Fair. 


The ratio of volume of water to volume of cement in a mix has been found 
to offer a fair index of the strength. The expression 14,000 divided b 
raised to a power equal to the water-cement ratio, has been proposed in Bul- 
letin 1 of the Structural Materiala Research Laboratory for determining the 
28-day strength and seems to be used to a considerable extent in practice for 


this purpose. This expression has been used as a criterion for studying the 
results of these teats 
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Water - /oris r sack of cernent 





"vig, 1.—EeFFECT OF QUANTITY OF MIXING WATER ON THE STRENGTH OF 


CON 


CRETE. CURVES ARE BASED ON AVERAGE VALUES FROM NINE DIFFERENT 
SERIES OF TESTS MADE OVER A PERIOD OF FOUR YEARS. TESTS 
MADE ON ABOUT 50,000 6 x 12-1N, CYLINDERS AT 28 DAYS 
AT LEWIS INSTITUTE, CHICAGO. 


* Copied from Bulletin Portland Cement Asan, 
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It was found that mixes in which the quantity of aggregate which passed 
through a No. 4 sieve was less than one-third of the total aggregate, as well 
as the mixes in which the quantity of coarse aggregate of some one size 
was less than one-third as great as the quantity of aggregate twice as 
large, generally gave strengths less than that shown by the expression used 
as a criterion. If the mixes referred to be eliminated, all the remaining 
mixes gave strengths as great as or greater than the criterion. In deter 
mining the quantity of coarse aggregate of different sizes, the aggregate was 
screened on a set of screens whose mesh opening advanced in size by mul 
tiples of two from the opening of a No. 4 sieve (0,094 inch) to an opening 
large enough to admit the largest aggregate. The amount of aggregate between 
any two consecutive screen sizes is referred to as of one size, and each size 
was considered to be twice as great as the next smaller size. 

So far as these tests indicate, it may be concluded that the expression 
14,000 divided by 7 raised to a power equal to the water-cement ratio, is a 
fair measure of the strength of concrete provided that at least one-third of the 
aggregate is sand (that is, smaller than a No, 4 sieve) and that the quantity 
of coarse aggregate of any one size is not leas than one-third as great as that 
of the next larger size. 








FIG. 2.—-ACTUAL INSTALLATION OF CONCRETE STRENGTH REGULATOR. 


Other tests included in the investigation indicated also that the sand 
should not be more than half the total aggregate in order to meet this 
criterion. 


28-Day Strength from 7-Day Testa 


In the recent movement to secure strength of concrete as great at 28 days 
as that assumed or specified by building regulations, one of the greatest difficul 
ties has been due to the fact that rejection of concrete which failed to meet 
the strength requirements was often almost impossible because of the large 
amount of concrete which had been placed upon it during the 28 days before 
it was tested. Results of recent field tests carried out on the concrete furnished 
in construction jobs suggested that there was a somewhat consistent relation 
between strengths at 7 days and those at 28 days. Further study has shown 
that the strength at 28 days based upon tests of laboratory specimens stored in 
damp sand has been equal to approximately the 7-day strength plus 30 times 
the square root of the 7-day strength. This relation has held true for concrete 
made from a large namber of portland cements and for a large range of mixes. 
It has held true for cements whose strength was affected by variation in fine 
ness and length of storage and for concretes with a large variety in type and 
quantity of admixture, such as lime, kieselguhr, tannic acid, ete, The relation 
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seems to be about the same for 2x 4-in., 3 x 6-in., 6x 12-in., and 8x 16-in. cyl- 
inders. This relation gives promise of affording a useful criterion for esti- 
mating at an early age the 28-day compressive strength of concrete used in 
construction work. It is very clear, however, that the increase of tensile 


strength between 7 and 28 days does not follow the same law as that for 
compressive strength. 


This application to the field testing of concrete should not be confused 
with the problem of determining in advance from suitable tests the adaptability. 
for any given work, of the concrete materials proposed for use in that work. 
The use of the criterion here described would not remove the necessity for 
these latter tests of the materials.” 


Having these principles firmly in mind and believing the water-ratio 
theory to be true, we carry out our procedure and tests, not to prove or 
disprove this theory, but rather we arrive at our errors and check our 
accuracy by comparing our results with the ideal curves as laid out by this 
theory which we know is fair. We start with the following: 


Assumptions: 

1, For workable mixes the water-cement ratio alone controls strength 
of concrete (using the same cement and aggregate throughout an 
operation). A water-cement ratio curve can be laid out for every 
job, therefore: 

2. Measurements, calculations and tests for gradation and quantity of 
aggregate are not required to be more accurate than possible under 
ordinary field conditions. This because field errors in measure- 
ments are not nearly as great as variations caused by difference in 
curing or drying, and more so because the QUANTITY of aggregate 
used has no bearing on the strength within the limits of work- 
ability. 

3. The fineness modulus is the simplest way of calculating for best 
yield. The combinations giving maximum density also give best 
gradations. It is desirable for economy and workability to use not 
less than % and not more than equal parts of fine to coarse 
aggregate. 

4. The question of yield is a separate problem from that of strength. 


Design of concrete on such a basis then becomes very simple, as it 
naturally divides itself into two separate and distinct phases. The first 
of these is STRENGTH and concerns the engineer and designer chiefly. The 
second is that of ECONOMY of the mixture and consequent high yield 
which concerns the contractor or producer of the concrete to a greater 
degree. 

It is necessary to keep these two phases clearly apart in one’s mind, 
as we are so apt to become confused by the old idea of regarding strength 
as a factor of proportion of cement to aggregate. All the facts now show 
that this is irrelevant and proportion of water to cement alone control 
strength and any grading and proportioning may be used as long as the 
resulting concrete is workable and plastic. 

The fact that we are still in a preliminary stage of controlling concrete 
by this method makes it necessary for anyone not entirely at home with 
the subject to proceed carefully. 
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FIG. 3.—JOB CURVE DERIVED FROM EXPERIMENTAL BATCHES OF BONE-DRY 
AGGREGATE AND VARYING WATER-CEMENT RATIOS. 
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It is not prudent to recommend elimination of measurements of aggre- 
gates or neglect control of same even though as is shown later, it is pos- 
sible to produce good concrete without such control. 


Let us proceed to consider these two parts separately and more in 
detail : 


Part II. 


Consideration of Strength of Concrete. 

Strength.—Strength is governed by water-cement ratio control only. 
If we fix this ratio for a desired strength and keep it fixed by weighing or 
measuring accurately separate batches of cement and water accordingly, 
each batch of concrete will be of the same strength when we allow for the 
moisture in the aggregate and use workable concrete. If the engineer can 
determine this ratio for his structure, he has no further work to do nor 
any more complications in his control of the concrete for strength. If he 
is sure that he is receiving aggregate similar in composition, also uniform 
cement, and does not allow the contractor to use concrete too dry or too 
wet (in other words a plastic mix) he will secure concrete uniform in 
strength, even though he allows the contractor to vary grading and amount 
of aggregate from batch to batch within the above limits of plasticity. 

An engineer can determine the curve, (giving strength relation to 
water-ratio) for any job by mixing trial batches having such ratios as 
0.9, 1.0 and 1.1. When specimens made therefrom are broken at 7 days we 
determine points on the job curve by using the formula 8,, equals 8, plus 
30 VS, (Bureau of Standards). If he has an early start or can wait 28 
days he can break his cylinders at 28 days and plot his direct results from 
these actual tests. 


1400 
As noted in extracts quoted above, this curve will be 8 equals — 
= 
W 
where # equals — or water-cement ratio and A may vary from job to job 
C 


but will never vary within the job as long as the same quality of cement 
and aggregate are used. 

During the early part of the job many additional samples for plotting 
further point on job curve should be taken, thus checking and confirming 
early test results, noting strength of the concrete being produced and hav- 
ing good control of the concrete going into the structure. 


Part III. 
Consideration of Economy in Concrete. 

Economy-Yield.—The second phase of design, that of Economy, there- 
fore, becomes the contractor’s or producer’s problem. The engineer, since 
his strength is fixed, can well afford to let the contractor work this out for 
himself, and let him combine the available aggregate in the best manner so 
as to obtain the greatest yield and volume from materials in his mixing 
plant. 
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This can be accomplished in two ways, either by using a dry mix, that 
is by increasing the volume of aggregate per batch, or by better grading. 

The working condition of any job will control the dryness permissible 
in the concrete. The contractor, when he reached this limit, should then 
think about the further gains he can make from using the best graded 
aggregate in his mixer. He will continually be trying to add all the aggre- 
gate possible to his fixed amount of cement and water. Superintendents 
and foremen have found it possible to use much dryer concrete than has 
been the general practice in the past, when they knew they were saving 
thereby. 

The best possible grading of aggregate can be accurately computed by 
the fineness modulus method. This is not a difficult way of judging aggre- 
gate. It merely involves drying some samples, weighing the amounts re- 
tained on certain sizes of screens or sieves, and adding the accumulative 
percentages (see Bulletin of Portland Cement Association, “Control and 
Design of Concrete Mixtures.” ) 

As an example, on one job the price of sand was $1.25 per cu. yd. and 
of stone $2.40 per cu. yd. Therefore, 


First.—Using a straight 1: 2: 4 mix the cost per cubic yard for aggre 
gate was $2.72. 


Second.—Having determined the fineness modulus of the sand and stone 
A-B 
and proportioning them according to the formula P — 100 * —— 
A-O 
F.M., — 6.30 F.M., = 2.60, 
The proportion of sand = 39 per cent. 


The cost per cubic yard now became $2.54. 


Third.—Using a coarser graded stone with the same sand and propor- 
tioning them again by the same formula: 


F.M., = 7.15 F.M., = 2.60, 
The proportion of sand now = 43 per cent. 
The cost per cubic yard falls to $2.48. 


Apart from this saving there was also a greater yield per barrel of 
cement due to this better grading and therefore a lower cost per yard in 
cement used. 

If this method seems formidable to a contractor or if he hesitates to 
approach the problem in a scientific way, let him dry the samples and by 
trial obtain the greatest weight per cubic foot by mixing and packing 
different proportions in a container (put in three layers and ram each 
layer 30 times with a rod). This heaviest combination will also be the 
one giving the greatest yield when mixed with water and cement, for every 
void is then thoroughly filled. 

This may sound like common sense but it is precisely what the fine- 
ness modulus does with mathematical precision. 
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It is well to mention here that for practical reasons, (chiefly those of 
surface appearance and easy working) a little higher amount of fine mate- 
ria] than is scientifically required will work better under field conditions. 
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FIG. 6.—MOISTURE CONTENT ON FIVE JOBS SHOWING MAXIMUM AVERAGE. 


This is in line with the desire of mechanics on a job to use more sand than 
is actually right for the highest yield. It is interesting to note too that it 
has been found very easy to make tests for the grading or combinations by 
using the mixer as a testing tool while it is making concrete for the job. 
By adding different proportions of fine and coarse to successive batches the 
easiest working and best appearing concrete was found. A little experi- 
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menting of this kind will in no way affect the strength of resulting con- 
crete, but will actually demonstrate to the mixer operator how the water- 
cement ratio theory works in practice. 

For instance, the use of a small amount of very fine sand containing 
up to 5 per cent of loam or clay sometimes actually helps the smoothness 
of the mix and will function the same as lime or other admixtures. In 
accordance with Bulletin No. 8 of the Structural Materials Research Lab- 
oratory, however, the addition of foreign admixtures is apt to decrease the 
strength, so the actual strength should always be checked from concrete 
produced with such admixtures. The addition or subtraction of fine or 
coarse clean sand of the same composition as balance of aggregate will not 
affect the strength and can be varied to suit the need of the concrete. 

This concludes the consideration of Strength and Economy as separate 
parts and the remainder of this paper will be confined to a discussion of 
the practical field applications of the above theories as a whole with actual 
illustrations of results obtained on field operations and field tests along 
these lines. We will note later the possible variations in strength due to 
field errors, measurements, compensations for moisture, etc. 


Part IV. 


Illustration of a Job Procedure. 

As an illustration of practical field application of above procedure 
let us take, say, a reinforced-concrete building operation. 

We have the building about to begin, excavation almost complete, and 
are ready to start concreting of the foundations. The first car-load of 
cement has been delivered to the work and a supply of sand and gravel; or 
perhaps the commercially known Ready-Mix is already at hand. 


Cement, Tested.—First, we make sure the cement is being and has been 
tested by the mill or testing laboratory so that uniform cement will be 
used. If possible, standard mortar compression tests on cement should be 
made of each shipment along with the usual A. 8S. T. M. tensional test. 


Aggregate Samples Dried.—We next take several fairly representative 
samples of aggregate. First we weigh them in actual moist condition, then 
dry them and weigh again, noting carefully resulting loss in weight and 
hence obtain the average percentage of moisture. (This for later use and 
information.) We are now ready, say a week ahead of actual concrete 
operations to make tests to locate our particular job curve, that is, to find 
the water-cement ratios required for the grades of concrete desired. 


Water-Cement Ratios—We take and mix several small batches of 
water and cement together in various ratios such as: 


(a) 0.9 meaning .9 cu. ft. water (6% gal.) per 1 cu. ft. or bag cement. 
(b) 1.0 meaning 1 cu. ft. water (7% gal.) per 1 cu. ft. or bag cement. 
(c) 1.1 meaning 1.1 cu. ft. water (8.25 gal.) per 1 cu. ft. or bag cement. 
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Trial Batches.—To these batches of water-cement binder or grout, we 
add some of our dried aggregate. It should be added in about proportions 
such as is intended to be used on job—but the main thing is to add enough 
so as to get a concrete to about job conditions of plasticity. From each 
trial batch make compression specimens (6x 12 or 8x 16-in. cylinders) in 
accordance with A. 8. T. M. specifications. Let us make at least seven of 
each kind. Seven days later let us break not less than four of each batch. 





_ 


i.--MOISTURE CONTENT OF SAND UNDER JOB CONDITIONS— 


FIG. 
PATENT BUTTON CO, 


7-Day Ooncrete.—\.et us assume we found the averages of the test 
cylinders as follows: 


7-days— 


Ww 
(a) For — 0.9 strength at 7 days 1540 lb. per sq. in. Average. 
Cc 


3 


(b) For — 1.0 strength at 7 days 1205 lb. per sq. in. Average. 


Za 


(c) For — 1.1 strength at 7 days 940 lb. per sq. in, Average. 
0 
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28-Day Conorete.—Then from formula of Bureau of Standards as above 
mentioned : 


S8,, equals 8, plus 30 J 8: we have 


C pa 
(a) For 9 8,, equals 1540 plus 30 +/ 1540, equals 2720 Ib. 


w 
Ww : 

(c) For — 1.0 8, equals 1205 plus 30 V 1205, equals 2245 Ib. 
64 
Ww 5 ate 

(b) For — 1.1 8, equals 940 plus 30 / 940, equals 1860 Ib. 
C 





FIG. 8.-—MOISTURE CONTENT OF SAND UNDER JOB CONDITIONS— 
PATENT BUTTON CO, 


Job Curve.—This gives us three points on our job curve and we draw 
same as indicated on diagram, Fig. 3 and called Curve C. 

It is interesting to note that on the tests reported herewith using 
quartz gravel and sand in a pre-mixed aggregate, all the curves run higher 
than Curve A in Fig. 1. (Bulletin 1 Lewis Institute.) 

Iesired Concrete Strengths.—We have now reached the point in our 
procedure where the engineer can specify definite water-cement ratios for 
certain parts of his work. We will assume he wishes three types of con- 
crete: 














174 New EXPERIENCES IN ConoreTE CONTROL. 


Type 1.—Non-bearing walls, parapets, etc., ultimate strength required, 
1500 Ib. 


Type 2.—Structural members, beams, slabs, girders, etc., ultimate 
strength, 2000 Ib. at 28 days. 


Type 3.—Columns, ultimate strength, 2500 lb. at 28 days. 

Water-Cement Specification.—Looking at his plotted curve and noting 
the water ratios corresponding to his types of concrete his specifications 
will then be for: 

















Ww 1.21 x 7.5 gal. 9.075 gal. 
Type 1.—1500 lb. use — = 1.21 or ——— = 
: C per sack cement sack cement 
Ww 1.03 x 7.5 gal. 7.725 gal. 
Type 2.—2000 lb. use — = 1.03 or ~ = 
eee ae per sack cement sack cement 
Ww 0.95x7.5gal. 7.125 gal. 
Type 3.—2500 lb. use — = 0.95 or = 
C per sack cement sack cement 


Moisture in Aggregate.—In order to use exactly this number of gal 
lons of water in each batch it is necessary to compute the moisture content 
in the aggregate. Numerous tests have indicated that the average in sand 
runs near 3 per cent, in gravel 114 per cent by weight. 

Without going into the details of computation and errors resulting 
from wrong assumptions, as these are discussed later, we will say that the 
“mawimum average,” (see Part VI, Variable B and C) content was found 
for the job to be 2.5 per cent. This information was obtained in the 
beginning from the many dried samples. Supplementary moisture tests 
should be made later. 


Absorption of Aggregate.—As all preliminary tests were made with 
bone-dry aggregate and calculations for moisture are based on same, the 
absorption can be ignored. 


Water Control at Miwer.—We may be using Ready-Mix in a %-yd. 
mixer, if so we will probably be using around 14 cu. ft. or about 1,400 Ib. 
aggregate. The average moisture contained is then 1,400x2% per cent 
equals 35 lb. or 4.25 gal. 

If a concrete strength regulator is used and 2 bags of cement per 
batch, we can set same: 


For Type 1 concrete, 18.150 — 4.25 gal. = 13.90 gal. per 2-bag batch. 
For Type 2 concrete, 15.42 — 4.25 gal.= 11.17 gal. per 2-bag batch. 
For Type 3 concrete, 14.25 — 4.25 gal.= 10.00 gal. per 2-bag batch. 


The job can proceed at once and is early insured of getting uniform 
sound concrete. The engineer responsible for strength control at the mixer 
need only see that each batch contains two full bags of cement and the 
necessary computed amount of water for same. 
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Check Cylinders.—As soon as job starts and concrete is being poured 
cylinders must be made at least weekly to check the computations, as con- 
crete from a mixer runs sometimes better and stronger than small batches 
mixed by hand and sometimes (for instance if mixed too short a time) runs 
weaker than test batches. If the water content in aggregate is below the 
assumed average the concrete will also run stronger than expected. (See 
Part VI, Variable C, below.) 


More Points on Job Curve.—We should test these cylinders at 7 days 
and compute 28-day strengths. We plot these as soon as available, and we 
thus acquire additional points on our job curves. We also plot points from 
28-day old cylinders when these are broken. 

A sample of how actual results may be recorded is shown in summary 
of one job later. (See Fig. 4—Lenox Laundry.) 

With such information constantly plotted we get an exact trend of 
our job as it proceeds and can keep control of the proper water ratio to use 
for the various types of concrete that are desired. 


Variables.—The only variables that make for changes in strength are 
then, the moisture changes in the aggregate and the variation in cement 


Tests for Variables.—To control the cement we only have recourse to 
the mill tests and mortar tests on same. To control the moisture in the 
aggregate we may check this twice daily by drying, say, 20-lb. samples, 
weighing before and after drying, or by comparing with standard saturated 
samples. 

Comparison with standard saturated samples means finding how much 
water is needed to fully saturate any given amount of fine aggregate. It 
is easy to measure or weigh how much water is needed fully to saturate 
any given amount of bone-dry sample of sand. Therefore, knowing the 
weight per cubic measure of fully saturated sand and measuring the 
amount added to any incompletely saturated sample fully to saturate it, 
the difference between what was added and what it is known to contain 
when fully saturated is the amount present in any job sample. 

Such tests can be made in a few minutes when the operator gets used 
to it. Moisture contents run very uniform however, (See Fig. 6) and can 
easily be judged by the operator. 


Yield.—To ineure the maximum yield in the concrete the contractor 
will study hia density and grading. The concrete will be of the same 
strength regardless of these as long as it is workable and has no voids 
but the yield is maximum in volume of finighed concrete when the weight 
per cubie foot of aggregate dry and rodded is greatest. 

At the present early stage of controlling concrete by this method and 
to insure against abuse, it is considered desirable, where the operators are 
not fully experienced, to control the volume of aggregate going into each 
batch and to insure use of aggregates having at least 33 per cent below 
\% acreen. 





New ExXxperRIENCES IN CONCRETE 


CONTROL. 177 
































































































































S| 4ffec/ of Atfempt +o upset uniforms Thomas Brea. Ware 

» ty of strength im Concrete by vsing Avg.4” 

\ | extremes of ary and wetlsprintled}| Cylinders broken 

Polytech -Lrat 

: Aggregate in @ field eperation. oly lee yee) * 
N Ready-ix Aggregate Cc 

. p——————-—- nnn oe —_— 
‘ Mor 

‘ Yhrengths o |o % 
~ [2500 = Sere See 0 
a) — 

, o. v 

: ° 4 

% |2000 O17 : gC 

4 0 Lhdivid val cylinders 
eg A * Average of tach 
Q |4s00 a ee; grevp 
: egg Rep He : 

$ " Watler-Cement fotw3 
© | — I | 
: 
(> Se a A 

* 

‘& 

SEZ — —© 

Yi 

. /Toistyre 

o1stuyur 

ry \2% ——— — Min . 

N eee @fois/vre in aggres, 
3 trem apes 
Sly | @ emture chowed 
t ae for in regulator” 
. A: Aggregate normal sob conanens ot re eA 

4 8B: - taker ror turhacé ef. Rock pie Lrtesor]) 

§ Ek C3 ” seria tied with hore to thrivtyse nnn 

¥ D: . sprinted but weferelewed te run of 4 hovr 

S 
Q 











FIG, 10.—-RESULTS OF TESTS MADE ON THOMAS BROS, WAREHOUSE JOR. 
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Gradings for Economy.—It is essential that the fine and coarse aggre 
gate be well graded within themselves as well as in combination. It is 
possible to improve a sand by better grading or screening. It is possible to 
improve gravel or broken stone aggregate by grading from coarse to say 
% in. The resulting combination of fine and coarse is then much improved 
and can be proportioned for maximum yield. 

This can be done by making a sieve analysis as indicated in the Port 
land Cement Association Bulletin or Lewis Institute Bulletin No. 1. 

To illustrate by an actual case at the Patent Button Job. Using, at 
first, broken stone and sand in a straight 1: 2: 4 mix the yield was 0.74 yd. 
of conerete per barrel of cement with an almost unworkable concrete due 
to all coarse stone being furnished. The stone was then graded down to 
¥% in. The fineness modulus of the sand and stone was determined and 
the proportions of each to a batch computed: F.M. == 7.23, F.M. 3.75. 
The proportion of sand computed was 45 per cent; the yield, 0.79 yd. of 
conerete per barrel cement-——a saving of 5 per cent in the cost per yard of 
concrete, apart from a further saving in getting more concrete out of a 
yard of aggregate. 


Parr V. 


Proposed Specifications for Concrete. 


If it is desired to write a specification for producing concrete under 
this procedure the following is suggested : 

The engineer writing such a specification will have full control of the 
strength of the concrete going into the work, and will hold forth a promise 
of saving to the contractor by increased yield and saving in cost when 
following the specification. 


Prorose, SPECIFICATION, 


Cement shall be an approved brand of Portland Cement and shall be 
tested in accordance with A.8.T.M. Standards for tension and compres 
sion. Must show a strength in compression of not less than 2800 |b, per 
sq. in. in 28 days. 

Aggregates to be composed of clean, hard, strong, durable, uncoated 
particles free from injurious amounts of deleterious matter, Shall consist 
of fine and coarse or a combination of same such as will give a fineness 
modulus in combination varying not more than 10 per cent above or 15 per 
cent below the values given in Table III, Bulletin 1, of The Structural 
Materials Research Laboratory, “Design of Concrete Mixtures.” 

The proportion of fine to coarse will be left to the Contractor as he 
complies with the other parts of this specification and produces a con- 
trolled workable mixture of concrete, 

The Contractor will under direction and supervision of the engineer, 
make preliminary tests before starting actual concrete operation. 
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If these preliminary tests are not made in time the proportions of 
cement to water and to aggregate must be used as required by the 
Engineer. 


Preliminary Test Cylinders shall be made from bone-dry aggregate in 
small batches of definite ratios of water to cement (not less than 3 ratios 
and 7 cylinders of each). 

These cylinders to be broken at 7 and 28 days and will govern until 
further test specimens are made. The water-cement ratio required to pro- 
duce the strengths desired shall be computed from these tests. 

The following strengths are desired: 

Type 1.—Non-bearing walls, curtain walls, slabs on fill, ete.—1500 Ib. 

at 28 days. 

Type 2.—Structural members, beams, girders, slabs, ete.---2000 Ib. at 

28 days. 
Type 3.—Columns, 2500 lb, at 28 days. 


The volume of water per bag of cement arrived at must be controlled 
by some approved device regulating the water-cement ratio, with due allow- 
ance for moisture in the aggregate. 

Early in the job additional concrete cylinders shall be made (not less 
than 7 for each 200 cu. yd. of concrete) until 1000 yd. have been poured. 

Then not less than 7 cylinders must be made for every 500 yd. These 
cylinders to be cured and broken under A.S.'T. M. Standard Specifications 
and under direction of the Engineer. 

The Engineer shall have the power to change the ratio of water per 
bag of cement to conform with results of supplementary tests. 

If desired by the Engineer the Contractor shall make two tests daily, 
to determine the average moisture content of the aggregate. 

When so controlled the Contractor will be permitted to use his judg- 
ment as to proportions of fine to coarse aggregate, and amount of aggre- 
gate, providing however, 33 per cent of aggregate is below 4-in, screen, 

The slump must be great enough to allow the concrete to give smooth 
surfaces when tamped against forms and uniform contact with reinforce 
ment when properly rammed in place (not less than 4 in, nor more than 
8 in.). 


Full data on all tests and cylinders made and broken to be furnished 
the Engineer in charge. 


Part VI. 
Variables Caused by Field Conditions. 


Rrrors and Variations.-When controlling concrete by using the water 
cement ratio theory, certain errors in operation and tests may occur, and 
daily and hourly variables must be considered, 


Preliminary Test 
Cylinders. 


Strengths. 


Supplementary 
Tests. 


Changes in Water 
Cement Ratio. 


Moisture in Ag- 
gregate. 


Proportions. 


Engineer's Report. 
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The important variables to study are the following: 

(a) Errors resulting from incorrectly balanced amounts of water and 
cement getting into successive batches—variation in water-cement 
ratio. 

(b) Variation in moisture content in aggregate. 

(c) Errors in assuming an average moisture content. 

(d) Errors in moisture due to change in amount of aggregate used. 

(e) Variations in test cylinders. 

(f) Variations in cement. 

(g) Change in chemical composition or intrusion of impurities in 
aggregate. 

(h) Change in grading of aggregate. 

Each of these will be considered separately and weighed in the light of 
actual experiences in the field, and some test data will be shown to con- 
firm the conclusions reached later. 

The tiresome long tables of test results have been omitted, but it is 
perhaps well to mention that back of all the curves and data presented 
stand the test specimens made on the jobs and broken at the laboratories 
of Columbia, Yale and Polytechnic Institute. Much of the test work has 
been done in collaboration with Professors Krefeld, Crane and Moore from 
these institutions. 


A.—Variation in Water-Cement Ratio—From Batch to Batch.—This 
variation can be considerable as inspection of plants not controlled by spe- 
cial devices has indicated. Note for instance, that a cement bag improp- 
erly shaken will contain cement varying from 1 to 3 Ib., therefore, in a 
two-bag batch there may be as much as 5 lb. variation from batch to 
batch. Also, there are often broken bags. 

The best water measuring tanks may vary as much as 2 or 3 qt. per 
batch. 

Let us see how much effect these variations have on the strengths of 
concrete by changing the water ratio. Say there is a bag slightly torn or 
spilled or improperly shaken, assume 9 lb., one-tenth of one bag lost. 
For " equals 1 in a 2-bag mixer, the water ratio would then be increased 

2 cu. ft. water Ww 
to or, — would be 1.05 from Curve C, Fig. 3. This would 


1.9 bags cement C 
indicate a decrease of strength of 200 Ib. for the batch. 


Even if the bags were only improperly shaken, there might be 5 Ib. or 
one-twentieth of a bag left out, a decrease in strength as above calculated 
of 100 Ib. 

Let us note the variation caused by an improper measuring device 
that might be 3 qt. over, a not uncommon occurrence. 

This will give a variation as follows: 


Ww 7% gal. water 15 gal. water 
Suppose — = 1 or or 
C 1 cu. ft. cement 2 bags cement 
then when 3 qt. over, 
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Ww 15% gal. water 15% gal. 1.05 eu. ft. water 
— will become —-~-- or — or 1.05. 
C 


2cu. ft. cement 2 bags ] cu. ft. cement 

From Curve 0, Fig. 3, this would give a decrease of 200 lb. per sq. in. 
in strength of resulting concrete. 

With such definite effects in strength from merely improper shaking 
of bags and inaccuracy in water, is it any wonder that under the good old 
ways we had erratic results and needed tremendous factors of safety? 

Here is a possible decrease in strength: 








From inaccuracy in weighing water............ 200 Ib. 
From improperly shaking bags................. 100 Ib. 
300 Ib. 


or 15 per cent in a desired 2,000-lb. concrete. 

To overcome this variable the writer has developed a simple device 
that while a proprietary article is so illustrative of the new way of making 
concrete and so simple of explanation and necessary for sure control that 
he has taken the liberty to write a description of this so-called “Concrete 
Strength Regulator” as Appendix A to this paper. 

The device merely balances each batch of cement in a hopper against 
the desired amount of water, thus: 


c WwW 
* 
Cement . LJ Water. 


~ a b —) 


Ww a 
By weight — — — the water-cement ratio. 

b 
The water shuts off when in balance, therefore, as long as lever arms 
a and b are unchanged, the ratio of water to cement must remain constant 
no matter if broken bags are used or bags improperly shaken or cement 
spilled. All the tests reported herewith were made on jobs where this 
device was used so any errors or variations in the water-cement ratio itself 
have definitely been overcome and need not be considered in these tests. 
This is considered a contributing cause to the satisfactory results in pro- 

ducing concrete under these new methods. 


B.—Moisture Variation.—The change from day to day in moisture con- 
tent is small and less than commonly assumed. 

The accompanying charts indicate actual test for moisture over a long 
period and all sorts of weather conditions. (See Fig. 6.) 

There is also attached, charts of special tests for moisture in sand by 
Professor Crane, Yale University. These give water content in sand both 
in percentages and in gallons per batch. (Figs. 7 and 8.) 

From all the observations made, it has become the experience of the 
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organization making these tests that a so-called maximum average could 
be arrived at that would be safe. 

There is a characteristic maximum average for each aggregate that 
holds good from job to job and the deviation from this is small and can 
be ignored, and as it is taken above the actual average, the greater amount 
of batches will usually be drier and hence stronger than expected. 

The variation is so small, in fact, that in a series of tests when the 
apparent variations (as shown from dried samples) was corrected for in 
water-cement strength curve the curve became broken and irregular. When 
the percentage of moisture was computed from an average amount for all 
the batches, the water-cement strength curve immediately became a smooth 
line. (See Fig. 9.) 


C.—Probable Errors from Assuming Average Moisture Content.—The 
probable errors from assuming a maximum average moisture content can 
be computed. 

As stated above, all batches of concrete where moisture is less than 
maximum average will run stronger than computed and can, therefore, be 
forgotten. Actual job tests, such as a series by Professor Moore of Poly- 
technic Institute, show this. (See Fig. 10.) 

We note here the effect of selecting some dry aggregate and later 
sprinkling same aggregate and correcting for an assumed rainy condition, 
and all the resulting concrete ran stronger than required. 

All tests indicate that (as in Fig. 9) the moisture content is uniform 
and only varies gradually. 

Allowing, however, that there might occur occasional moist batches of 
aggregate, we will attempt to compute decrease in strength due to such a 
moist batch based on tests of aggregates for moisture. 

In Figs. 10 and 11 the three worst samples contain % gal. water in 
excess of amount allowed for. 

Ww 15 gal. 15% gal. 2.1 
A change in — = l, to =——= 1.05, or from Curve C. 
C 2 bags 2 bags 2 
Fig. 3, a loss in strength of 200 Ib. 





Fig. 11 shows moisture tests over long periods where only occasional 
tests show 1% per cent moisture over average and such occasional averages 
on small quantities of aggregate are likely in excess of the average content 
of entire batch as Fig. 11 bears out. 

Such an increase of % per cent in moisture would change water-ratio 


Ww 
on 1,400 lb. of aggregate @ % per cent — 7 Ib. water from — = 1 
C 
2 cu. ft. l5 gal.4-% 2.12 
———- to —~— —- —— or 1.06, an expected decrease in strength 
2 bags 2 bags 2 


of 200 lb. The actual tests on cylinders have, however, not borne out that 
there was any such violent change in moisture of aggregate. 
In all but very rainy weather the maximum decrease in strength will 
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be that due to an increase in water-cement ratio from 1.00 to 1.01, making 
40 lb. (2 per cent), much less than the mean variation in strength of con- 
crete cylinders on such carefully made tests as reported by New York 
contractors and The Joint Committee. (See Proceedings, American Con- 
crete Institute, 1924, “Field Tests on Concrete,” which gave a deviation of 
8.2 per cent for best possible field condition at 28 days. Table II, p. 27.) 

It will readily be seen that it is satisfactory to use the maximum 
average, for whenever dry batches of aggregate are used, the strength will 
always be greater than that required and then when the resulting specimens 
give strength averaging in excess of requirements, the water-ratio will be 
increased and new results in strength obtained that will be nearer the 
minimum set for the job. This error will, therefore, eradicate itself. 

The chances are, however, as the above mentioned tests seemed to 
indicate, that the higher variations in moisture from average were errors 
due more to smallness of samples than variations in total moisture con- 
tained in bulk of aggregate that went into the mixer. 

It should be made a practice, however, to compute the water content in 
the aggregate from time to time during the day and make adjustments by 
hanging small weights on the water container. The operator of the mixing 
plant can become so used to judging the water content of the aggregate 
that the possibility of error from this source may be overcome by him on 
inspection. 


D.—Variation in Volume of Mixture.—About 14,000 yd. of concrete 
were produced under the system of control outlined above. No minute 
measurements of aggregate were attempted. Rather, the water-cement 
ratio being fixed, any change in desired consistency was made by varying 
amount of aggregate. The results were always satisfactory. (See Fig. 4, 
Lenox Laundry.) 

One cubic foot more or less has no appreciable effect in water content 
(only 2 to 2% lb.). The change in consistency and workability is notice- 
able, however, at once and as concrete is controlled entirely by its work- 
ability, this forbids excessive amounts of aggregate being added. 

If as much as 4 cu. ft. are left out of a batch, (say, for instance, to 
obtain a wet mixture for thin walls) the effect is noticeable. (See Fig. 11). 
Note in this series of tests the slight change in strength as compared with 
the large change in volume. The change in strength due to this variable 
decrease of 4 cu. ft. to a batch: average moisture 2.5 per cent by weight: 
weight of aggregate 110 lb. per cu. ft. loose wet. 

440 X 2% per cent=—11 Ib. water = 1.33 gal. (or 0.117 cu. ft) of 
water contained in aggregate. 


Where the desired water-cement ratio was unity, * will now become, 


2— 0.177 
for a two-bag batch,——————, 0.91 causing an apparent increase in 
9 


“ 


strength of 400 lb. per sq. in. This checks with variation shown in Fig. 11. 
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E.—Variations in Test Cylinders.—A great deal has been and will be 
said on the subject of variations in test cylinders. There is a large varia- 
tion from cylinder to cylinder within the same batch. It is the opinion of 
the writer that the higher strength cylinders are more indicative of 
the concrete in the structure than the low. This conclusion is reached 
after trying to trace the cause for low breaks and from study of published 
data on core borings as compared with molded specimens. 

As an illustration, in Fig. 12 some of the data from H. 8. Mattimore’s 
paper in Engineering News-Record, Jan. 12, 1922, on “Relation Between 
Molded and Core Concrete Specimens” has been analyzed for comparisons 
of maximum, mean and minimum values. The 28-day strengths given in 
this paper were used as a basis for computing what the probable strength 
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FIG. 12..—-COMPARISON OF CORE BORINGS AND MOLDED SPECIMENS, 
Taken from article by H. 8. Mattimore, Engineering News Record, Jan. 12, 1922. 


of these would be at 300 days from the parabolic curve of strength increase. 
These expected strengths are shown in the second column. 

The actual strengths from cores as reported in Mr. Mattimore’s paper 
are in the third column. As will be seen, the maximum and mean run 
very close, as close as may reasonably be expected, but the minimum in 
molded specimens is much below minimum in cores. This would indicate 
that minimums in molded specimens are accidents due to causes not present 
in concrete in the field concrete. 

These accidents, it is the writer’s belief, are caused by either improper 
procedure in making, in curing, in capping, or are due to large pieces of 
aggregate being near the surface of comparatively small cylinders. 

It is recommended, therefore, that all specimens running more than 
10 per cent below the average of those made from the same batch be re- 
jected and a new average be computed. A.S.T.M. procedure allows rejec- 
tion of specimens varying more than 15 per cent. 

It is for this reason too, that the practice of this organization is to 
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make not less than five specimens at any one time and preferably 7. (This 
allows 4 breaks at 7 days, 3 at 28 days.) 

It is recommended also that 8 x 16-in. cylinders be used in preference 
to 6x 12-in. cylinders. (Bulletin No. 8, Lewis Institute.) 

The proposed equation of Mr. Slater 8,,—= 30 y 8S, has been found to 
hold very good and has been used to great advantage in all these tests. 

To have permanent records of the conditions under which cylinders 
are made it is important to have complete yield data. ‘Therefore, some 
such uniform report as shown in Fig. 5 is desirable in order that the super 
vising engineer and the contractor may have a comprehensive and clear 
summary of the strength of the concrete in the structure. 

The necessity for proper curing goes without saying. The specimens 
must be kept moist at 70 deg. F. to insure uniform setting and fair com- 
parison. This must specially be watched in the cool months of the year. 


¥.—Variation in Cement.—Cement will vary in compressive strength 
from shipment to shipment and even from bag to bag within one carload. 

This variable is well watched and controlled by the cement manufac- 
turer, The variation caused thereby cannot be overcome by the supervising 
engineer or the contractor. It can be allowed for, however, when known 
and record should be made of this variable. 

The knowledge that such a variable exists is the reason for insisting 
on standard compression tests on the cement in the proposed specification. 
The variation in compression strength of cement does not follow the 
changes in tension briquettes under standard tests now used. 

Portland Cement Association Standards should include a compression 
test which is easily made and is not expensive, for concrete will be pro 
duced more and more in the future on a strength basis. 

The necessity for consideration of this variable was brought home to 
this organization when some apparent irregularities occurred during a 
major test on the National Metal Etching job Oct. 16. All cylinders 
were made from the same carload of cement using the same water-cement 
ratio and a strength regulator. As the suggestion of Prof. Krefeld of 
Columbia, who supervised this test, samples of cement had been taken of 
each batch, 

Later, when the cylinders were broken and cement compression tests 
were available the variations of some of the grcups could be explained 
from the cement tests. 

It is only fair to say that on many other groups this parallel varia 
tion did not hold good (likely because other variables intruded) and the 
batches shown in Figs. 13 and 14 were selected to confirm the point because 
of this parallel variation. 

It is further shown in the tests conducted by this organization and 
many other tests that the difference in strength at early ages tends to nar- 
row down at later dates. 

An engineer should have this variable in mind, however, and check his 
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variation in concrete cylinders with possible variations in cement com- 
pression tests. 

G.—Change in Composition of Aggregate, Intrusion of Foreign Sub- 
stances.—The tests conducted by this organization indicated that aggre- 
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FIGS. 13 AND 14.—-EFFECT OF VARIATION IN CEMENT. 

Concrete specimens made under identical job conditions as to water-ratio 
and time of making. 

All cement from same car and sample taken from each batch and tested 
concurrently, 
gates from one definite source of supply run very uniform to the curve 
along with changes in water-cement ratio. 

This organization in fact has acquired familiarity with several aggre 
gates as shown in Fig. 15. It is possible to start with this information on 
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FIG. 15.—JOB CURVE COMPARING THREE AGGREGATES. 
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any new job and select aggregates on a value basis and judge them in view 
of this as to their relative costs. 

In Fig. 15 all tests were made under identical conditions of plant and 
cement the water-cement ratio alone being varied. This is another demon- 
stration of the value of field use of the water-cement ratio theory. A 
fourth aggregate tested runs so close as to coincide with one of the curves 
and was omitted from the chart to avoid confusion. 

This change in strength curves due to aggregate composition or char- 
acteristic has been referred to in other parts of this paper. By change in 
composition is meant a change from broken stone to gravel or from one 
sand bank to another. As long as the same source is used throughout a 
job there would be no change in strength caused by the aggregate itself. 
When the type or kind of aggregate is changed a new job curve may be 
expected and tests must be made to see if this exists. 

Regarding intrusion of impurities that is a problem to combat with 
physical inspection. Such intrusions are really in the nature of accidents 
and may occur under any conditions. If sufficient control specimens (as 
recommended in proposed specifications) are made of the concrete and 
these broken at seven days, there will be definite danger signals. When 
these are heeded and traced to their source, expense and trouble can be 
avoided. 


H.—Change in Grading of Aggregate.—The water-ratio theory quoted 
in the beginning of this paper teaches that grading has no effect on the 
strength of the concrete as long as the resulting concrete is plastic and 
workable. This point has been the hardest to prove. Old customs resist 
new ideas and traditions and prejudices are not always broken down by 
facts and figures. The truth of the theory will prevail in time, however, 
like all new and better things even though slowly at first. 

On all jobs mentioned in this paper there was no attempt made to 
absolutely control the grading of the aggregate. On four of these jobs 
Ready-Mix was used, the plant producing same separated the fine and 
coarse and recombined in fixed ratios. Where separate aggregates were 
used the stone was graded as much as possible from % in. to coarse. As 
large gravel or stone was used as possible to increase the yield and to use 
higher fineness moduli. The limits were the possibility of working into 
place and spacing of reinforcing bars. There was also resistance from cus- 
tom on this point. 

Change in grading was noticed to effect the plasticity at times but 
rarely enough to effect the workability. There was a definite demonstra- 
tion that ready mix makes just as good concrete as separate sand and 
gravel—sometimes better and always cheaper. Resulting concrete speci- 
mens proved that when the water-ratio theory is followed the change in 
grading from batch to batch has no effect on the strength of the concrete 
as long as it was workable and plastic. The amount of aggregate added 
was changed at times to keep within the limits of plasticity but the result- 
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ing variation in strength was caused by the contained moisture change as 
discussed above. 

The desirability of using sufficient sand was watched so as to keep 
the fineness modulus as near the maximum allowed by tables found in 
Bulletin No. 1, Lewis Institute. Where lack of fine was apparent or lack 
of any size of gravel, attempts were made to supply these, either by adding 
at the bins or directly into the mixer. 


Part VII. 
Conclusions. 


The water-cement ratio theory has been given a fair trial under job 
conditions by a contractor’s organization and under the eyes of many engi- 
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FIG. 16.—SECTIONAL VIEW OF REGULATOR, 


neers. Attempt was made to work for progress and knowledge without 
prejudice for or against any certain materials, tools or method of manipu- 
lation. As a result the writer firmly believes that we are approaching 
much better and simpler means of field control of concrete and in closing 
would like to emphasize the following points: 


1—The water-ratio theory of concrete control is practical and can be 
applied to field conditions for producing concrete of uniform 
strength and predetermined strength within reasonable limits. 
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2—The method of field procedure outlined herewith affords such a 
simple and economical method of controlling the quality of con- 
crete, that where understood, engineers, architects and contractors 
have welcomed it. 

3—On six building operations the new methods in this paper produced 

















FIG. 18.—REGULATOR IN USE ON JOB. 


decidedly more uniform results than shown by tests from former 
field conditions reported by Ahlers and Walker, American Concrete 
Institute Proceedings, 1924. 


Appendix A. 


The device or tool used to control the water-cement ratio in the fore- 
going article has been developed and improved during the past year and 
has reached the stage of a practical piece of contractors’ plant. 

This machine is called a Concrete Strength Regulator, as that is its 
function and purpose. 
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The water-ratio theory: . . . that, for given materials and 
conditions of manipulation, the strength of concrete is determined by 
the ratio of the volume of mixing water to the volume of cement 
(water ratio) so long as workable mixtures are obtained. . . .* 


explains in itself the necessity for such an appliance, taking into consider- 
ation the fact that variations in the amount of cement, for a given ratio, 
must be compensated for AUTOMATICALLY. 

It is in principle a balance, the weight or volume of water being bal 
anced against that of cement. 


Ww 
Cc 
re : i. == 
Cement ‘, Water. 
ar bo 
Ww a 
By weight ——-—the water-cement ratio. 
C b 


Moments about the fulcrum will determine the distance a for a given 
ratio, b being constant. 

5 expresses the water-cement ratio in terms of weight. 

The machine consists of two parts. The rigid-frame and the balance 
frame. A knife-edged fulcrum connects the two. 

The balance-frame, (bent as illustrated in order to lower the level of 
the hopper to obviate high lift of the cement bags) holds at one end the 
cement hopper and at the other the water tank. The hopper is pivoted 
so as to allow the cement to be dumped by tipping and to insure that the 
center of gravity always passes through the same point. 

The water tank slides in the other end. Two screws operate the move 
ment of it so as to allow for change of ratio. 

The flow of water to the tank is automatically cut off by the falling of 
the trip lever (after it has first been raised to open the valve) the moment 
the point of balance is reached. 

The indicator scale on the side of the balance-frame will tell the posi 
tion of the tank for a definite delivery of water. From the gallon-scale 
inside the tank its position can be checked by actual calibration. 


To use the machine the operator should set the tank at the position 
which will give (automatically) the previously calculated amount of water 
for the desired strength of the concrete. The machine does not have to be 
altered again until such time as a change in the strength of concrete is 
desired. 

The man at the cement now does the following: 


First, he empties into the hopper the required number of bags. This 
done, 


* Bulletin, Portland Cement Association. 
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Second, he raises the trip lever until it catches on the pin holding the 
valve in the open position and, 


Third, he waits until the water has shut off of its own accord. 


The cement and water are now dumped and discharged as soon as the 


whole charge is ready for the mixer. The rest is now repetition and the 


cement man will be found always to be ready in advance of those handling 
the aggregate. 
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FIG. 17.—RELATION OF REGULATOR AND MIXER. 


The relative position of the regulator to the mixer is shown very 
clearly by the sectional drawing and photograph of a machine on an actual 
building operation. 

The engineers on all building operations where a regulator was used 
have approved its use as assuring them that the concrete placed in the 
structures was kept under rigid control. 
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Appendix B. 
TestinG DirFERENT AGGREGATES ON JoB No. 199, Ocr. 16, 19 
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Appendix B.—(Continued) 
TrestinG DirreERENT AGGREGATES ON JoB No. 199, Ocr. 16, 1925 
44 Barcues In Two-Hovur Run. 
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CoMPARISON BETWEEN 7 AND 28-Day CyLInpEeRS—TEsts oF Oct. 16, 1925. 
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7-day and 28-day cylinders were made out of same samplerful. Bracketed results indicate that the aver 
age of these was ead far comparison with 28-day results. 
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DISCUSSION. 


IvAN O. Suarrer (By Letier).—We note in Mr. Ahler’s paper that we 
are quoted as having endorsed the so-called concrete strength regulator, 
the use of which we permitted on the National Metal Etching Co. building 
built under our supervision by Barney-Ahlers Co. We are desirous of 
stating our experiences in connection with the use of this device on the 
operation referred to above and explain certain statements in the pape 
which we deem need elucidation. 

All of the tests of which we are aware and referred to in the paper 
as pertaining to the National Metal Etching job were made on Oct. 16 at 
which time at least 50 per cent of the concrete work had been installed. 
The results of these tests did not reach us until the concrete work was 
practically completed. The tests therefore were not conducted for the 
purpose of determining proper proportions for the work. 

Periodical tests were not to our knowledge made although contem 
plated by the contractor at the beginning of the job, and in the absence 
of such tests we are unable to endorse the apparatus as one giving uni 
form concrete. As a matter of fact the amount of honeycombing was 
far in excess of what we consider allowable. We repeatedly took exception 
to the amount and quality of the pre-mixed aggregate used which criticism 
was justified by the results obtained and the subsequent test results. 

The test results, copy of which we append -hereto, show the Kittanning 
Mix to give the lowest results and was the mix used in the greater part 
of the work and was only changed after repeated requests on our part 

In operating the concrete plant described in the paper, the procedure 
was to shovel aggregate into the mixer hopper, no means being provided 
to regulate the amount going in each batch which necessitated constant 
supervision on the part of our inspector. 

Our opinion regarding the strength regulator is that no better control 
of the water-cement ratio will result from its use than from any well 
constructed water-measuring appliance such as any calibrated container. 

As to the method of introducing an indeterminate amount of aggre 
gate, particularly pre-mixed aggregate, this does not meet with our ap 
proval for reasons stated above. 

Strength of concrete is not the only criterion of quality and porous 
and honeycombed concrete while it may have the requisite strength is 
not desirable, and these qualities can only be obtained by careful meas 
urements of the aggregate. 

Regarding the curves published in the paper, we wish to call attention 
to the fact that approximately 50 per cent of all the data are based on 
the tests, copies of which are attached hereto, which were conducted on 
the National Metal Etching Co. building. 
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The curves Figs. 13 and 14 showing variations of strength due to 
cement are not conclusive for the reasons that the aggregate for the 
different groups is not the same and if all points are plotted the parallel 
variation is no longer apparent. 

For the reasons outlined above we feel that we must take exception 
to the last paragraph of the paper quoting us with others as approving 
the concrete strength regulator and consequently the method of concrete 
making of which it is a part. 

The strength regulator is not necessary for the measurement of water 


and the methed is too elastic for proper operation without undue super- 
Vision. 


Joun G. Aucers (By Letter).—Mr. Shaffer’s discussion was not read 
at the convention and has been referred to me for an answer. It is per- 
haps unfortunate that since my paper was prepared and sent in for pre- 
printing a very serious controversy has arisen between Mr. Shaffer’s firm 
and the Barney-Ahlers Co. over the design of a retaining wall which 
cracked and bulged when the earth fill was placed against it, and the 
matter may go to litigation. 

It is a fact, however, that periodical tests apart from the special test 
on Oct. 16 were made throughout the job and Mr. Shaffer speaks of the 
knowledge of these at the end of his third paragraph. These test cylinders 
broken at Columbia University by Professor Krefeld indicated an average 
strength above the requirements of the building department’s 2,000 Ib. at 
28 days, even though the engineers allowed an estimated strength of 
1,800 lb. at 28 days. 

The special test of Oct. 16 was made for the purpose of finding the 
values of various aggregates and obtaining some data on the variables in 
connection with control of conerete. These variables are always present 
in all concrete, but the special test on Oct. 16 was made so as to obtain 
more information about these and see if they were less under properly 
controlled conditions. 

[ thoroughly agree with Mr. Shaffer in at least one thing and that is 
that a special device such as the concrete strength regulator is not neces- 
sary for properly controlling the water-cement theory if careful methods 
are used. 

There was no intention to present my paper for the purpose of having 
endorsement of any specific tool or equipment such as the concrete strength 
regulator. The sole intention was to advance the knowledge of designing 
and controlling concrete in the field and for the discussion of interesting 
data and records coming under my observation during the past year. 

As to specific items such as the number of diagrams from one job and 
Mr. Shaffer’s evident intention of inferring that 50 per cent were from the 
job which lacks the endorsement of the engineers and therefore detracts 
from the value of the paper, this to my mind rather adds to than detracts 
from it, for only five out of the thirteen original diagrams were from the 
building Mr. Shaffer designed. Every one of these five was used to illus- 


Mr. Shaffer. 


Mr. Ahlers. 
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trate and discuss the variables entering into concrete, so would not detract 
from the value of the procedure and specifications recommended, nor the 
conclusions reached. 

As to conclusions regarding inferior quality of the work by referring 
to honeycombing there are no records in the writer’s possession that indi 
cate any unusual honeycombing. To the writer’s knowledge there was no 
honeycombing found in any of the columns and the ceilings were unusually 
good. 

I agree that strength is not the only criterion of quality but the 
Joint Committee has made it the criterion for concrete design. Hence the 
value of any contribution to the knowledge of controlling the strength of 
concrete, The Joint Committee has based all its calculations on shear, 
bond and working compression values as being direct factors or percentages 
of the ultimate value of concrete in compression. 

I do agree, however, that it will be desirable to establish by field 
investigation the relation and effect of water-ratio design on the question 
of porosity and hardness, ete., and it is my intention to go into this 
during the coming year. 

Prof. Duff A. Abrams, in his paper “Studies of Bond Between Concret« 
and Steel,” Hngimeering World, March, 1926, shows that the bond of con 
crete to steel is a direct function of compressive strength, and states fur 
ther that: “Other tests have shown that the same statement applies in 
general to resistance to wear, modulus of elasticity, impermeability and 
resistance to destructive agencies such as weather, sea and sulphate 


, 


waters,” etc. 

I also agree with Mr. Shaffer that proper supervision is needed on 
concrete where definite strengths are required and it was my recommenda 
tion in discussing this paper that more young men be trained for this 
specific purpose. 

G. A. Smiru (By Letter).—-Mr. Ahlers stresses the point that, on any 
job with the same materials, the strength of the concrete is dependent 
on the water-cement ratio, so long as the mix is plastic. Also that due 
to variations in the measuring of the cement and water there might be 
a variation in the unit strength of about 300 lb. This is not an alarming 
variation in light of what is secured under field conditions, unless we are 
considering very lean mixtures where the water-cement ratio is high. But 
where we obtain strengths that vary from 1800 to 2500 Ib. (Fig. 4 
w/e 1.10) a variation of nearly 40 per cent of the smaller strength, 
and such conditions are not infrequent, it would appear that there is 
some other factor entering into our manufacture of concrete. 

The trouble is not so much with the assumption that the water 
cement ratio is an indication of the strength as it is with the actual manu 
facturing of the concrete. The variations in strength cited are not at all 
unusual and, I believe, due very largely to a lack of workability. By 
workability I mean those desirable properties of a freshly-mixed batch 


of concrete which permit of its being easily handled and deposited without 


segregation to form a homogeneous mass, 
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Mr. Ahlers points out the need in practice of using additional sand Mr, Smith. 
ov finer sand to improve the surface appearance and the ease of working 
and that such variations in the aggregates will not affect the strength if 
the water ratio is unchanged. 

We need workability in concrete and I feel that its importance should 
he stressed far more than ever and any means of securing improved 
workability should be welcomed, as long as it does not impair the strength. 

| do not agree with the statement that the addition of foreign admix 
tures is apt to decrease the strength. If we are not sidetracked from out 
assumption that the water-cement ratio is an indication of strength, 
practically all tests made with powdered admixtures, so long as they 
are chemically noninjurious, indicate an increased strength for the same 
mix and the same water content. 

It has been my experience that the use of certain powdered admix- 
tures does materially improve the workability of a concrete and tends to 
increase the uniformity of the concrete mass generally, and I believe that 
they will help us to elminate some of the variability in strength frequently 
encountered, 

Several mentions have been made of workability in concrete but no 
one has been able to define the property or tell us how it may be meas 
ured. The apparatus described by Messrs. Pearson and Hitchcock in 1923 
and 1924, is, I believe, the only apparatus that gives us an indication of 
the relative workability of two mixes. From my experience with the test 
1 am convinced that it deserves considerable merit but it does not tell 
the whole story. 

With the importance of workability becoming more and more evident 
in the art of building concrete structures, I feel that if we would spend 
a part of our time, if only a small part, in discussing this subject along 
with strength control, we would probably be of very great service not 
only to the contractor but also to the owner who is vitally interested in 
having the best structure possible for the investment made. 

[ believe that if we were to take the matter seriously it would not 
he a great while before some one of our members would devise some means 
of measuring the workability of a concrete mix, 
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SUGGESTIONS ON THE DECORATIVE USE or CONCRETE. 
By Davin C. ALLISON.* 


In the great new structural system represented by the steel and con- 
crete frame, there has appeared a thing completely new under the sun in 
architecture. No structural innovation more radical has appeared before; 
none that at all compares in the rapidity of its growth or the extent 
and development of its use from the first small steel building of some 
thirty years ago, to the huge and varied structures that now soar into 
the clouds and cover acres of ground. 

The social and economic changes attendant upon our rapid growth 
have been admirably met structurally by architects and engineers, and the 
public has been given fine solutions of their problems from the standpoint 
of efficiency and equipment. Much discussion has gone on constantly 
regarding the aesthetic treatment of this architecture, and while no final 
solution has yet been arrived at in clothing the steel or concrete forms, 
yet the urge and necessity to go ahead arid build them by the hundreds 
and thousands has been constantly with us. 

It is perhaps a natural thing that the impulse of the men first con- 
fronted with architecturally treating the steel frame of many stories 
should have been to try to adapt traditional architectural forms and 
motifs, especially as, to the last generation or two, a new availability to 
these forms has been vouchsafed through the media of publications, of 
photographs, and travel, as never before; but while thirty or forty years 
of this kind of attempt has developed many beautiful individual build- 
ings, yet there has been an increasing consciousness that, in applying to 
these great blocks the Greek and Roman colonnaded bases, the huge 
overhanging corbeled cornices, and manifesting throughout the structure 
a willingness to make it look like something that it isn’t, we have fallen 
only into a maze of structural contradiction with small artistic compen 
sation. Yet, something like the first glimmer of hope for a better expres- 
sion seems at last to be appearing on the horizon. 

The new zoning and setback ordinances, now prevailing in New York, 
Chicago, and elsewhere, has placed in the discard this old store-box office 
building and forced us to begin our design instead with a towering mass, 
growing up out of the ground to a limited height, receding and building 
on up in varying planes, a three dimensional silhouette of such possi- 
bilities as are sure to encourage a freer use of the imaginative faculties 
in the ornamentation, and liberate us soon from much of the banality 
of the past. 


*Allison and Allison, Architects, Los Angeles. 
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When one considers the dominant characteristics of the noblest archi- 
tecture of the world, he immediately appreciates the importance of this 
mass, silhouette and skyline. In these elements alone, irrespective of the 
architectural vernacular of their adornment, reside the essential appeal 
of a building. These new zoning laws force upon us at the outset a 
tremendous advantage in this matter, and are jolting us for the first 
time into a more intelligent study of the problem. 

Reinforced concrete has been steadily increasing in the volume and 
variety of its uses for the past twenty-five or thirty years, and its pos- 
sibilities for use in building aspiring to a more developed or finished 
character are only beginning to be appreciated. Architects have pretty 
lergely assumed that if a building is to aspire to any architectural im- 
pcrtance whatever, if anything aside from most material considerations, 
such as mere strength and durability, are to enter at all, the building 
must at least have a skin of a more aristocratic nature. 

The fortunate older sisters of reinforced concrete, such as stone, 
marble, granite and terra cotta, have pretty generally been called into 
the front parlor to meet the guest, and the more humble maiden has been 
assigned to the duties of the scullery and asked to do only the most 
common and hard manual labor. She has never been thought of as 
being at all in a class with her sisters decoratively, or as possessing the 
essentials warranting her to hope even for any aesthetic equality or 
respect in the household of materials. We all are ready to admit that 
she has a vigor, a strength, a dependability and a constancy that are 
excelled by none of the others. The thing we have not realized is that she 
responds just as readily, almost humanly, to a little attention, a little 
kindness. and a little loving, as do her sisters. 

We have, as a matter of course, for centuries past spent unlimited 
energy in working, carving, beautifying these other materials. We have 
considered them a vehicle for our finest artistic expression and have 
greatly respected them as such. Concrete, however, we have hesitated 
to handle more gently or more intimately than could be done by means 
of a wheelbarrow, a shovel and mixer. The one thing most needed is 
for more architects of designing ability to realize that this material is 
capable of unlimited development; it can be molded into any form that 
the imagination can conceive, knit into the very fibre of a structure—an 
integral, homogeneous part of it, and may frankly be brought clear 
through to the surface and admit its identity, honestly, convincingly. 
beautifully. If we are willing to spend but a fraction of the cost of 
carving and working granite, stone and marble, upon the building of 
plaster moulds or in ornamenting surfaces with scraffito, or stucco in its 
many forms, absolutely any degree of architectural richness desired may 
be attained, and that at a cost very much less than in any other material 
of like permanency. 

My attention was first drawn to the fact that good-looking archi- 
tecture can be built of monolithic concrete, columns, curtain walls, et al., 
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something like eight cr ten years ago, when a building, known as the 
Bible Institute, a thirteen-story structure consisting of an auditorium 
seating well on to five thousand people, and with several hundred sleeping 
rooms, was built in Los Angeles. This building was treated quite richly 
and freely in the matter of ornamentation, balconies, parapets and the 
like, by the extensive use of plaster molds as forms. It was well designed 
and a most interesting building architecturally. When the forms were 
stripped, the texture and color and whole appearance of the building were 
so lovely that it was obviously a great pity to plaster it at all, it being 
a particularly good job of concrete. The general excellence of its appear- 
ance came as quite a surprise to me for, in common with others, I had 
never thought of the material as being suitable for other than warehouse 
and factory construction. The owners of this building, however, wound 
up by covering it with a surface of perfectly smooth plaster and painting 
it pure white, emasculating it of much of the fine vigor and natural 
texture it had originally possessed. This was done over the protest of 
the designer of the building, John T. Vawter, who as an expert engineer 
as well as architect, has since gone far in the thoughtful and artistic use 
of this material of concrete. I am indebted to him for many of the sug 
gestions in this paper. 

The success of this building, together with the fact of its econ 
omy. and the difficulty of getting steel at the time, led us to adopt a 
similar construction in the University Club, a seven-story building of 
about 1,500,000 cu. ft., built about six years ago. This structure is 
practically devoid of ornamentation except at the entrance and first-story 
street front, where we used a facing of wet-mix cast stone, a method 
producing not only the best-looking but also the toughest cast stone | 
have seen, the air pockets giving a pleasing texture similar to the tufas 
of Italy. Much discussion was had with the building committee over the 
degree of texture that should be retained in the walls of the superstruc 
ture, but as the whole design of the building was free and picturesque, 
they were finally convinced that a treatment that would retain the integ 
rity of the concrete itself, even showing the form marks, was appropriate. 
The argument was advanced by some that such crudity was better adapted 
to a roundhouse than to a university club and some felt that it should 
be smoothed up like a stiff shirt front. However, we eventually used one 
light dash coat of cement stucco, thrown on to the concrete with a brush 
and so thin as to allow practically all the form marks and irregularities 
of the wall to show through. The result was pleasing and quite satisfac- 
tory to all after it was on. 

In this building also we first attempted the use of stains on cement 
floors, lining the surface of the floors of the larger rooms off in squares 
of about 14 in. and then staining them to accord with the color scheme 
and rugs used. The beauty and variety of color possible was quite 
amazing. The process consisted of two or three brush applications of a 


thin mineral hardener, which carried the color into the surface from a 
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sixteenth to an eighth of an inch, and any color in the gamut of browns, 
reds, greens and buffs was possible to obtain; cach square being treated 
individually, gave us absolute control of the variation in color. These 
floors are waxed and polished from time to time and after five or six 
years of wear have taken on a patine, depth and richness of color that are 
surprising. The treatment cost, at the time, 10”cents a square foot, and 
the transformation from an ordinary gray cement floor to one similar to 
rich old tiling, suitable to the use of oriental rugs, is most gratifying 
with a low appropriation. 

In this building also, where we had a number of large rooms with 
none too much money to develop them, we gave considerable study to the 
design of ceilings in concrete, dispensing with the furring and allowing 
the supporting slab construction of girders and beams to count archi 
tecturally from the room. These beams and girders were sized and painted 
in thin stains, much as the old wooden ceilings of France and Italy were 
painted. While they have much the appearance of wooden ceilings, owing 
to the impress of grain and saw marks from the form lumber, yet no 
attempt was made to imitate wood. We have had no difficulty from 
alkalies or other cement action, and the rather elaborate stencil and 
painted enrichment grows softer and better with age, and certainly gains 
much in quality from the freehand textured nature of the material. 

A similar use of concrete has since been made in the buildings of 
the Friday Morning Club and Women’s Athletic Club of Los Angeles, 
where in both instances the effort was first made to secure a good concrete 
job by the use of shiplap lumber in forms, holding all the panels hori- 
zontal, securing rather true, sharp corners, with careful placing of mate- 
rial to avoid undue gravel pockets, and the concrete runs being carried 
up in uniform stages, a similar light dash coat of cement stucco only 
being applied to the surface. 

On the latter of these two buildings, the structure costing about 
$1,000,000, a rather expensive use of scraffito was made at the street 
front. This material was easily and rapidly put on the surface of the 
concrete, at a cost of about $6 a square yard. It was soon demonstrable 
that absolutely anything in the way of color was possible, and in design 
pattern the richest and most intricate conventionalized foliage forms could 
be used. We employed four different colors of plaster in the working out 
of ornamental panels, friezes and pilasters, in tones of buffs, browns, blues 
and greens, harmonizing with the general stucco tone of the concrete 
enclosing them. The use of wet-mix cast stone was made also in the first- 
story street fronts. 

In the Wilshire Boulevard Congregational Church recently completed, 
reinforced concrete was used throughout, with no cast stone except for 
the enrichment of the entrance doors and occasional colonnettes. This 
building has a tower 140 ft. high, which carries considerable surface 
enrichment, made easily possible by the use of plaster molds and by the 
simple nailing on of blocks in various patterns on the inside of the forms 


hefore concrete was poured. 
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There is an undoubted virtue and sense of security, in a country 
where earthquakes pay us an occasional visit, to have such structures as 
towers free from the usual doweled-on finials, wired cornices and the like, 
the possible scaling off of which cause an architect restless nights at 
times. 

We found it very easy to go as far as we liked in the way of enriching 
the gable copings and other decorated features of the building, taking the 
usual precautions for excellence of workmanship. The building was given 
only one brush coat of stucco and retains all of the qualities of rugged- 
ness, strength and native intergrity of the material. 

We have under construction also a Christian Science church, seating 
1,200, and another large denominational church costing upwards of 
$1,000,000, in which we are practically eliminating the use of cast stone, 
confining the enrichment to monolithically cast concrete so far as possible, 
aiming at a legitimate, straightforward use of the material. 

A brush coat of cement stucco is to be used on each of these jobs, for 
the purpose principally of better controlling the final color, although we 
have here in the West cements of such lightness in tone and such general 
pleasing quality in color, that with some thought in the selection of sand 
and conglomerates, this stucco coat could also be eliminated. It has a 
virtue, however, in giving an added seal to the surface of the wall, soft- 
ening the occasional gravel pockets and other abrasions incident to con- 
struction. 

A most interesting building now nearing completion is the Los Angeles 
Public Library, the last important work from the hand of Bertram Good 
hue. It is a monolithic concrete structure throughout, with stucco exte 
rior, and with the principal rooms developed with stained decorative ceil 
ings directly on the concrete. 

The decorative treatment of concrete may, for convenience of descrip- 
tion, be separated into the following divisions: 

The treatment of flat surfaces in color; the treatment of compara- 
tively flat surfaces by means of varied textures or textures and color 
combined; the treatment of surfaces in greater or lesser degrees of relief 
or full modeling. 

Cement plaster on concrete has become so common and, when properly 
applied, it is so much a part of its structural base that, for present pur- 
poses, the two materials may be considered as identical. Rough casting 
of concrete has its peculiar charm of surface and the manipulation of 
cement plaster runs a grand scale in variety of texture, but to haggle over 
the relative merits of plastered and unplastered surfaces is as reasonable 
as to divorce the glazes from the pottery of which it is a part. 

The mere painting of flat concrete surfaces, regardless of the elabora- 
tion of the processes, carries with it nothing distinctive of the material 
itself, and while beautiful color effects have been obtained in this way, 
there seems to be an ever-present danger of allowing the process to de- 
generate into imitation. The temptation to imitate wood is, of course, 
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a natural one where rough lumber has been used as forms, since the grain 
of the wood is generally imprinted upon the concrete. A flat surface 
decoration in stains, rather than in opaque pigment, need be no less 
pleasing or brilliant and yet may be used in a manner to heighten rather 
than to disguise the characteristics of concrete. A great variety of such 
stained treatments is possible and might be described under two headings: 

First, those resulting from what is often colorless chemicals or chemi- 
cal combinations; and second, those resulting from the use of finely 
divided pigments. 

Materials of the first class may be used either in the liquid concrete 
as it is cast or may be carried into the material after it is dry by means 
of some penetrating liquid or by means of the liquid chemical itself. Mate- 
rials of the second class may be incorporated with the wet concrete or may 
be carried in by means of any of the so-called hardeners or other pene- 
trating liquid. In the application of any of these methods a knowledge 
of chemistry is essential in order to guard against the introduction of 
agents which might act destructively on the concrete. 

Flat surfaces decorated by means of varied textures are common in 
the plastered walls of northern Italy and the designs run from the most 
simple geometric divisions of the surface to graceful representation of 
natural plant forms. 

The impulse to scratch a newly plastered wall before it has entirely 
hardened is, it would seem, shared by every member of thé human race 
from the cradle to the grave. There is something irresistibly inviting 
about it. If the results of such scratching off of white plaster were to 
reveal the warm brown tones of a soft brick wall beneath it, the art of 
seraflito in two colors has been discovered, and if such a brick wall had 
previously been covered with a coat of smoke blackened plaster before the 
white had been applied, the range of color would have been enlarged. 

Hard scraffito is the result of applying successive layers or coats of 
different color plaster to a wall and, after it has taken its set, the design 
is scratched through in different parts to the color best suited to its repre 
sentation. It will be noticed that the hard process, therefore, employs as 
its means a combination of relief, texture and color, and the skillful 
artist takes advantage of all such means by arranging the sequence of 
color coats to assist the effect of deep cutting. 

The process as outlined has been followed for centuries and when 
scraffito is used to-day it is still followed. No particular advantages have 
as yet been taken of the use of modern machinery or the qualities of 
modern materials in an attempt to improve the results or conserve the 
time and energy of the artist. Such efforts were not necessary in the 
days when the designer and artisan were one, but to-day we must handle 
the problem of conveying to the mind of the artisan the desire of the 
designer, and must recognize the economic changes in the labor situation 
if we are to get on at all. The centuries through which scraffito has had 
its development have never witnessed the variety, brilliancy, durability, 
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FIG. 1.—UNIVERSITY CLUB OF LOS ANGELES 


In this building the character of the material of which it is built 
eminent, harmonizing well with the solidity displayed by the architecture 
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or workability of colored plasters such as is offered for the purpose to-day, 
nor have the ages ever before offered a machine capable of spreading 
smooth surfaces of uniform thickness of such materials. In conjunction 
with such mechanical means of preparing the working surface, we are now 
also in possession of a magnificent means of chipping, scratching and 
cutting the surface. The means referred to is the cement gun, which 
handles not only cement but gypsum also with equally good results. The 
surface once prepared, we now have recourse to the modern pneumatic 
hammer or tool for cutting and surfacing and hard granular material. 
By means of these two present-day devices and modern colored plastic 
materials the staging is up and nothing is lacking but the “Designing 
Mind” to add a new chapter to the history of hard scraffito. 

Soft seraflito is accomplished by a more direct method than the hard, 
for the drawing and painting are done simultaneously and both during the 
process of laying the background surface. It is a method of placing plaster 
on a wall in certain definite areas which constitute the design to be 
executed. It would be seen that in manipulation and method soft scraffito 
and fresco are identical; the difference lies only in the degree of realism 
attempted by the designer, in the degree of skill manifest, and in the 
amount of pictorial modeling employed. Wet plasters, when laid side by 
side, offer the same opportunity of blending or being drawn together as 
do oil paints on a canvas, nor is there any less possibility of the use of 
intermediate or joining tones or hues. By this quality of the materials 
it is at once seen how the skillful seraffito artist may be drawn into the 
realm of the true pictorial delineator and the results of his efforts cul 
minate in fresco. 

Backed by only a limited number of experiments, it seems safe to 
predict that, in the execution of soft seraflito, no fewer advantages may be 
secured from modern machinery and materials than have been pointed out 
in the description of the hard method. Stencils cut from light roofing 
materials or sheet metal withstand the sand blast of the cement gun for 
a considerable length of time and by means of a series of such stencils, 
carefully studied for overlapping, successive layers of different colored 
plasters may be built up into a design. Hand plastering over or through 
such stencils is equally effective, and when the artisan is not a designer, 
the expedient affords a mechanical means of executing the will of the 
artist to a high degree Aside from the fact that two colors are never 
overlapped to form a third, the process and ingenuity of designing the 
stencils is identical to that of block printing. 

telated to both methods of scraffito and its monochrome ancestor, is 
the incised ornament exemplified by the floor of the Cathedral of Sienna. 
It is believed that these white marble slabs were covered with wax, into 
the soft surface of which the lines were drawn with a metal tool, the real 
incision having been made by the use of acid held in place by sand or 
sawdust. The whole process was probably identical to that of etching a 


copper plate, except that problems of size had to be dealt with. In modern 
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FIG. 2,—-LOUNGE IN THE UNIVERSITY CLUB OF LOS ANGELES. 


Simple fresco decoration of the structural beams and girders, with lightly 
textured walls lend a soothing quality to this room. 
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times, concrete floors, by reason of their chemical composition, would lend 
themselves to the process as readily as slabs of marble. Problems enough 
would remain to make the work attractive, but there is no doubt that a 
great field of intensely interesting experiments remain to be performed 
along this line. s 

Another method of incised ornamentation consists in bringing the 
designer in contact with a freshly laid and finished concrete floor or wall 
and, after having provided him with suitable scaffolding, induce him to 
etch the surface after the method of dry-point etching; that is, merely 
scratching his design into the yielding surface with a suitable metal tool. 
The counterpart of the dry-point burr is present in this process and, as in 
the etching, must be partly or wholly removed after the surface is hard 
set. Fillers composed of earthy pigment and wax or cement may be 
rubbed into the lines if the work is intended to carry to any distance or 
if, for sake of cleanliness, a smooth surface is desired. 

Another division of the subject deals with the methods of treating 
concrete surfaces in low relief, either pattern or matrix; raised or sunken. 
Since we are most interested here in those methods which are possible yet 
uncommon, we shall not stop to consider further the use of glue and 
plaster molds. These methods are established and rapidly developing into 
a highly technical art, both in the production of all sorts of surface 
embellishment in poured concrete and of cast stone in pieces to be assem- 
bled later. The tendency at present toward cast stone rather than toward 
plaster forms for monolithic casting is regrettable, but it seems safe to 
predict that when once we have regained our equilibrium from the art 
stone tilt which we are now experiencing, we shall settle down to a more 
legitimate use of that worthy material as inserts for monolithic casting. 

Cast stone, however, is not the only material which lends itself to a 
legitimate use as inertia—tile and wrought and cast metal of all kinds 
are at the disposal of the inventive designer. 

Wood formwork readily lends itself to the construction of rectangular 
and geometric matrix panels for monolithic castings, but little has been 
done toward the further embellishment of such panels with anything 
resembling the free flowing or curved lines of natural form which, by long 
inheritance, we have come to regard as essential to architectural adorn- 
ment, 

Present needs are for a plastic material with which one may freely 
model his ornament on the inner face of wood panel forms. The material 
must be easily worked like clay, but unlike clay it must possess the quality 
of not drying, cracking, shrinking and loosening itself from the wood form 
in the process of hardening. Preferably it should be a material of con- 
siderable strength, yet capable of being dissolved or softened in order to 
remove it from deep grooves or undercuttings. Experiments have been 
made with mixtures of clay, sand and glycerine; with sawdust and glue; 
with sand, water and flour; in fact all of the materials known to foundry 
practice may be looked upon as promising possibilities. The fact that the 
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FIG. 3.—-WILSHIRE BOULEVARD CONGREGATIONAL CHURCH. 


Here ornamentation is limited to those points of the structure first met by 
the eye—the entrance facade and the imposing heights of the campanile. The 
simple architectural lines effectively create the dignity sought. 
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FIG. 4.—-WILSHIRE BOULEVARD CONGREGATIONAL CHURCH. 


This surface shows clearly the character of the 
structure is wrought—no effort 
the forms. 


substance of which the 
having been made to conceal the markings of 











214 DECORATIVE USE OF CONCRETE. 





FIG. 5.—-WOMAN’S ATHLETIC CLUB, LOS ANGELES. 


A cement-wash, of cream color, covers the monolithic concrete face, the 
seraffito work and the stone-marked stucco on the street side being the only 
decoration. 
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FIG. 6.—WOMAN’S ATHLETIO CLUB, LOS ANGELES, 


In the interior smooth plastering prevails with ornamentation in fresco on 
the beams and arches. The fineness of the plastered detail is noteworthy. 
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whole process of modeling is negative or the reverse of what is to be 
obtained in the finished work is apparently no great handicap. One soon 
becomes accustomed to think in terms of the matrix, and only a little 
practice is needed to overcome what at first appears to be an insurmount 
able difficulty. Anyone who has mastered the difficulty of reversing his 
drawing in the making of an etching, has accomplished a feat equal in 
every way to that. of matrix modeling. ' 

The possibilities for the enrichment of broad surfaces of monolithic: 
concrete by the methods suggested above are infinite and yet we are wait 
ing for the proper inventive designer to develop and make it available to 
the architect. 

There are also opportunities for direct first-hand modeling in concrete 
itself. By carefully selecting the materials and proportions of the mix 
ture, a concrete may be made which lends itself to tooling without suffer 
ing any great loss in either strength or durability. With such a material 
and the modern pneumatic tools at our disposal, the work of a sculptor 
could be reduced to a minimum by an ingenuous form builder capable of 
blocking out or of bounding a statue by the flat planes which are already 
his stock in trade. 

High relief, built in place, is also possible by means of the cement 
gun, Steel armatures are readily and economically covered by this means 
and the degree of finish to which the work is to be carried is limited 
only by the skill of the director of the nozzle. While a tooled finish of 
such work is possible and while a toolable mixture may be deposited by 
means of the cement gun, yet it is doubtful whether the modeler who 
has gained a degree of familiarity with the nozzle will ever consent to 
any such subsequent finish of his work. There is a joy in the building 
of masses and of shaving them into planes while quite plastic which 
increases as familiarity with the tool progresses, and it is highly possible 
that through this feeling, a freedom of expression may arise sufficient to 
develop a new style of architectural sculpture, bearing a similar relation 
to our present formal modeling that a rough watercolor sketch bears to 
a finished painting of fifty years ago. 

While our friends of the 6H pencil have made possible, through the 
use of this delightfully flexible material, concrete, the support and con 
struction of any building shapes that can be devised, it is now up to the 
addicts of the charcoal and 4B to realize that this is a material of the 
greatest architectural possibilities and one in the use of which, as they 
study its intelligent application, they can again build structures that will 
stand on their own feet architecturally, devoid of the sham and incon 
sistencies of much of our recently past work. 








Stucco TEXTURES AND COLoRs.* 
By 0. A. MALONE.+ 


| believe it would be of more than passing interest if 1 would tell you 
a little bit of the evolution of stucco that has taken place on the Pacific 
Coast. In anything I say I want to again remind you that I am talking 
entirely from the plasterers’ standpoint. 

As I first knew stucco it was applied on wood lath, very much as 
interior work is done. We possibly used lime mortar with a great deal 
of hair in it. A second coat possibly carried a little cement, and the third 
coat maybe all cement; rather a foolish practice, but we did it just the 
same, and it required time to show us that we were wrong. 

The next step was the use of metal lath, using practically the same 
mortar. The rusting out of the metal not closed in the back, quickly 
showed us that we were again wrong. Our next step was the use of what 
we commonly know as the lime-cement mixes that are in general use today. 
That is about 10 per cent of lime used with the cement and about three 
parts of sand. This also was not a real success because this material was 
not thoroughly shoved through or even had a backing to receive it. It 
allowed the back side of the metal to be exposed, Again, after a few years, 
we found nothing but the brown marks of rust. 

The next step was the use of open mesh. Mr. Allison once said to 
me: “That kind of stuff is naturally fool proof,” and I hardly know a 
better way to put it because it would be utterly impossible to plaster that 
without thoroughly filling up all the space back of it before you would get 
anything to remain on the front of it. In other words, it simply became a 
knack of pouring the cement mortar in and around and in the back. Open 
mesh also had a weakness because we usually furred it with %-in. wood 
lath, necessarily cutting the slab in two, or at least in thirds at those 
points. 

Then it was that we began to see furring devices-—such devices as 
a plain nail with a bridge that furrs and holds out the metal, at least 4 
in. from the backing. It is notched, and this head comes down and forms 
the loop, holding it in place. It has no tendency to weaken the slab at 
that point. 

I am going to do what the plasterer generally calls “scratch coat” this 
panel. I want you to note here that this mortar is just simply “young 
concrete” and it is not so easily handled. The next procedure is to score 
this with a metal scratcher. I do not believe there is anyone here who is 
not thoroughly convinced that that metal in the back is thoroughly covered. 

*This is a talk which accompanied a practical demonstration of placing 


stuceo made on the platform by Mr, Malone 
fPresident, California Stueco Products Co., Los Angeles 
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If we had the opportunity to tear off the paper on the back we would see 
nothing but the plain concrete after it sets. 

This next surface that we are going to work over is of concrete units, 
which we consider to be the very best base on which to apply stucco. How 
ever, we are sure that it is necessary to apply a scratch coat and allow 
that scratch coat to become dry before the browning or second and the 
finishing coats are applied. If that is not done the likelihood is that in 
wet weather the joints will show through, and this is the only method | 
know of that will absolutely prevent that. Both the surface that is 














FIG. 1.—THE UNUSUAL BEAUTY IN TEXTURE AND COLOR OBTAINED HERE 
WITH PORTLAND-CEMENT STUCCO IS ESPECIALLY NOTICEABLE AS THE SUN- 
LIGHT STRIKES SHADOWS ACROSS THE SURFACE, 


scratched on the metal and the other surface are in the same condition 
From this point on one procedure works on either: that is, a browning 
coat of approximately 1% in., then the surface may be rodded straight and 
true in every direction, or it may be left wavy and untrue, giving a wavy 
effect as the desired finish would suggest. 

I have understood here in the east you have a great deal of fear about 
plastering on monolithic concrete. I want to say that that too we consider 
the very best base upon which we can apply stucco. If we strike a wall 
that seems to be a little bit smooth, we will probably make up a dash coat, 
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composed of one part cement and one part sand, and we will partially dash 
that surface. That is thrown on in a whipping motion, using a dash 
brush. We know without any question that the trowel as it works over a 
surface is absolutely enclosing about 30 per cent of air underneath it. 
By the force of the throw of the dashing method the little particles divide 
the air and strike fully on the face and become practically a unit with the 
wall. I would like to tell of an instance wherein a moving picture was 
shown before the local union of plasterers in Los Angeles. The picture 
was made by one of our largest gypsum plaster manufacturers, and it 











¥iG. 2.—TUCKED AWAY AMID THE SLOPES OF HOLLYWOODLAND, A SUBURB 
OF LOS ANGELES, ARE MANY HOMES SUCH AS THIS, WITH UNIQUE TREAT- 
MENTS IN ARCHITECTURE AND SURFACING, 


showed the plasterers how they should plaster different surfaces. They 
got along splendidly until they got to the monolithic concrete wall; then, 
instead of the fellow appearing in the picture with a hack and trowel, as 
usual, along came a fellow with a hammer and beat and hammered that 
wall for four or five minutes. The next thing he did was to wash it with 
acid, pouring the acid into wooden buckets instead of metal ones. He then 
carefully washed the acid from the wall and used a steel brush that was 
drawn carefully over the wall. After considerable patting, he finally 
started to plaster. There was an old plasterer sitting back in the audience 
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and he hollered, “Hey, Jack, wait a minute, you forgot the powder pulf.” 

Again I remind you that | am telling you about what is only happen 
ing on the coast and in the course of the elimination of methods to apply 
stucco, we have also gone through an elimination of textures. We have 
almost completely passed through all of these rough dry efforts that are 
so common through other sections of the country, and we have gotten down 
to the more natural textures, and those without any evidence that the 
plasterer has tried to do something. In other words you get no feeling 














FIG. 3.——A BIT OF PICTURESQUE FRENCH NORMANDY PRODUCED IN THE 
PRESENT-DAY SUBURBAN COMMUNITY, IN MODERN FORM BUT ACCURATELY 
RETAINING MANY OF THE CHARACTERISTICS OF THIS UNUSUALLY PLEASING 
STYLE, 


that the plasterer put a bump on here and a bump on there, but one that 
would very much represent the free hand drawing of the artist. In accom 
plishing these different things we use different trowels, If we use the 
ordinary small trowel, we take it to an emery wheel and grind it down. 
If we hand it to the plasterer and tell him to plaster the wall without any 
further instructions, he can hardly do anything else but give you a nice, 
pleasing texture. We know, too, that in many of the old structures that 
we think we are imitating, that we may find in Mexico, Italy or Spain that 


those textures were done very lightly with a mason’s trowel, because in 
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those days the man who built your foundation, built your chimney and 
very likely did your plastering, did not have any other tools except the 
mason’s trowel. Consequently if we grind down the plasterer’s trowel and 
give it to him, he will give us the same results, 

I want to call attention to one thing that I believe is likely to do more 
against the use of stucco than any other one thing I know of; and that is 
that many people are in the field selling things for stucco bases which 
would only prove disastrous if used. I know that is true, Last winter | 














FIG, 4,.--ONE OF THE EXCLUSIVE SHOPS IN THE BUSINESS DISTRICT OF 
LOS ANGELES, ITS COLORED STUCCO EXTERIOR PLEASINGLY TINTED AND EMBEI 
LISHED WITH CAST CONCRETE ORNAMENTATION, 


talked before the metal lath salesmen in New York City, and I tried to 
explain the method of this reinforced-concrete slab as thoroughly as it was 
possible for me to do so, After the meeting was over there were a couple 
of gentlemen who had waited until they got a chance to talk to me pri 
vately. They told me that they had devised and were then promoting the 
very thing I was talking about, and they insisted on my seeing it, and 
finally came to niy hotel a day or two later and asked me to go over it 

They had a kind of corrugated paper with a wire running up and 
down through it. There has just recently come to my notice, a nail, which 
looks somewhat like a button or a clasp. The inventor of this nail pro 
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poses, on frame construction, to sheet the building and then drive these nails 
8 in. apart and stucco it. In other words he proposes to button the stucco 
on. 


FIG. 5.—A STRIKING VIEW OF THE ELK’S TEMPLE, LOS ANGELES, AN 
IMPOSING STRUCTURE OF MONOLITHIC CONCRETE CONSTRUCTION FINISHED IN 
.STUCCO—A MASTERPIECE OF THE MODERN AMERICAN STYLE OF MONUMENTAL 
ARCHITECTURE. a 








For the color demonstration I have selected three rather loud colors. 
By no means am I recommending them for use, but knowing that I was 
going to work under lamplight, the colors would hardly show after you 
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got them on the wall unless they were fairly strong. Another thing I 
do not believe I am far from the truth when I say that when we are to 
blend colors and do it charmingly, we must have the service of a color 











FIG. 6.—-A STRUCTURE OF COLOSSAL PROPORTIONS, THE NEW AL MALAIKAH 
SHRINE AUDITORIUM IS TYPICAL OF THE INCREASING USE OF STUCCO FINISH 
ON BUILDINGS OF A MONUMENTAL CHARACTER, 





artist; but if we can contrive a way in which these colors can be blended 
without being controlled by the mind, I believe that we are reaching a 
result that is fully equal. I am first going to show you one method that 
will do that. 
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Mr. Hart asked me to tell you that this surface represents the brown 
ing; we scratch coated the other metal panel, and then had that become 
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A HILL” HAS HERE PROVED 
THE COLORFUI 


FIG. 7.—"“FITTING A HOUSE INTO THE SIDE OF 
AN ACCOMPLISHMENT FROM AN ARCHITECTURAL STANDPOINT. 
ALSO HARMONIZES WELL WITH THE SURROUNDING 


SHADING OF THE STUCCO 
NATURAL TINTS. 

thoroughly dry and cured, we would have applied another coat that we 
would call the browning or second coat. That goes on about \% in. thick; 
and forms the reinforced-cement slab with the reinforcement in the center 
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of the slab and thoroughly encased. It is just conerete, and is the same 
as pouring concrete with the metal reinforcement properly placed. 

Instead of diving into this and hawking it up, I am going to place 
the material on the hawk—‘“one, two three,” until I have a hawk coat. 
Now if we cared to have the blend larger, we might have the hod carrier 
place the material in his hod-—‘one, two, three,” and then just bring it 
up and dump it out; then we would dive into it in the usual way and 
hawk it up easier, but in this case I am going to put it on this way. Now 
we will use the round pointed trowel. Plasterers will note that the stocks 

















F1G. 8.——-A CREAM SHADE OF STUCCO AND A RICH, DEEP GREEN IN THE 
ROOFING TILE EFFECTIVELY ENHANCE THE SIMPLE ARCHITECTURAL LINES OF 
THE AUTOMOBILE CLUB OF SOUTHERN CALIFORNIA, ONE OF THE SHOW BUILD 
INGS OF LOS ANGELES. 


are different. That surface may be left that way. Or it may be blended 
just as far as you care to blend it by using a brush—this way. Very often, 
after the surface has hardened, we will go over it again and trowel it. If 
we had only one tone of color, the second troweling would create a two- 
tone feeling. 

Another thing I want to call your attention to, is that the pores of 
that surface are closed, and therefore it is practically impervious to mois- 
ture. Note what happens as I make a straight up and down motion. That 
is just another one of the million possibilities that you have for making 


texture. 
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I know that in the use of stucco there is a very serious problem— 
that of crazing. I can tell you that there.are millions of yards of stucco 
work in California that are not craze-cracked. I am going to show you 
the only method I know of which gives a reasonable chance of eliminating 
it. It is well understood that this panel has often been made with a brand 
of cement in which the chance of crazing is almost nil. It is the finishing 
coat, I believe, in which the greater amount of crazing occurs. Conse 
quently, we virtually point the surface. We rub the coat on very thin; and 
the mortar I am using is a fairly fat mortar. We then grind the surface 
down with what the plasterer calls a carpet float; it is just the ordinary 
float with a piece of carpet nailed on the back of it. On the surface so 
treated there is not a thirty-second of an inch of mortar, and I do not 
believe it would ever craze. 

The last tool I used was what we call a Dutch brush, pretty well worn 
out. Around through the country I see an attempt in almost every place 
to do a texture that suggests travertine, and in nearly all instances the 
plasterer seems to misunderstand what to do. For that reason I am going 
to attempt to show him what we think is a travertine texture, out on the 
coast. I am first going to show you what it appears to me that the plas 
terer does. I am speaking now of the Edgewater Beach Hotel in this city. 
Then he seems to have very carefully measured down another couple of 
inches and he does this again, and then again he takes another measure 
because he doesn’t want to vary the least bit and he does this. When he 
runs the trowel over it, that is what he gets. The effect there, you will 
note, as the trowel runs over it. 

I believe I have gone far enough to show you that there really is no 
end to the textures that can be laid in portland cement stucco; they are 
only limited by the imagination of the plasterer or those directing the 
work. Any number of tools may be used from the bare hand to the special! 
tools here, or ‘others. We know today that we can get color in stucco that 
is permanent, because in California I am informed that it is the only state 
in the Union where the cloth manufacturer will not guarantee the color 
of his cloth, consequently we have more colored stucco on the coast, | 
think, than in any other section of the country. 

















CONCRETE BUILDING UNITS AND THE CINCINNATI BUILDING CODE. 
By GreorGe R. HAUSER.* 


Prior to the summer of 1924 the concrete building block industry in 
Cincinnati was struggling along rather indifferently, manufacturing blocks 
of a more or less unknown quality. These blocks or building units were 
frowned upon by the architects, builders and the interested public, who, in 
general, made little use of them in building construction work. The Cin- 
cinnati building code at that time contained sections designed to discourage 
the use of hollow concrete building units, and required foundations of such 
blocks to be at least 12 in. thick for an ordinary one-story frame residence, 
and correspondingly greater thicknesses for larger buildings. Their use 
was absolutely prohibited in any construction work other than dwelling 
houses. 

During the early part of 1924 these manufacturers organized an asso- 
ciation, and with the help of the Portland Cement Association, prevailed 
upon the commissioner of buildings to consider the advisability of amend- 
ing the building code to the end that hollow concrete building units would 
be given a place in the sun and an opportunity to compete with other 
types of materials. 

As commissioner of buildings in the city of Cincinnati the writer 
became convinced that a very useful purpose could be served in revising 
these code requirements, and after considerable study and deliberation there 
ensued the present Cincinnati ordinance regulating the character and use 
of such block or units. 

While it was at first proposed to license the manufacturer of such 
blocks, as do similar ordinances in other cities, it was finally deemed more 
advisable to require that none but approved blocks be permitted in building 
construction work. While this ordinance has virtually the effect of the 
ordinary license regulation, it eliminates the legal question of the right of 
a city to exercise its police power by licensing certain builders or manu- 
facturers of building material and not uniformly requiring the same of 
others. 

This ordinance does not concern itself with the manner in which the 
hollow or solid concrete units are produced except Section 433-1, which 
qualifies the cement and aggregate used in same. The finished product is 
required to meet certain compression and absorption tests. These tests are 
generally made in one or the other of two local laboratories in Cincinnati 
suitably equipped with a Riehle and an Olsen testing machine, respectively. 

Test Conditions.—Concrete units are tested for use either with exposed 
surfaces or with surfaces protected. Where surfaces of units are to be 
exposed to the elements the ordinance requires that the unit pass a test of 


*Commissioner of Buildings, Cincinnati, Ohio. 
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one thousand pounds per square inch gross area, and for protected surfaces 
seven hundred and fifty pounds per square inch gross area. 

No restriction is made as to the percentage of air core or void to solid 
material, nor does the ordinance fix any minimum thickness for the webs 
or wall of the units. Samples are taken at random and sealed with a 
special cheatproof device by representatives of the department of buildings 
and sent to the laboratory. Seven test reports selected at random from our 
files show an average ultimate compressive stress of 1,322 lbs. per sq. in. 
gross area and an average of 3.9 per cent absorption by weight. Our 
ordinance fixes the maximum absorption at 14 lb. per cu. ft. of actual 
material. As this will be found to be approximately 10 per cent by weight, 
the department accepts units when absorption tests show them to remain 
under 10 per cent by weight when so tested. 

Test Supervision Necessary.—lIt is important that the enforcing officer 
or building official satisfy himself that the tests are made under proper 
conditions. In Cincinnati we found that when the reports from the one 
laboratory were not satisfactory, the manufacturer would request that his 
product be tested by the other, and strangely. enough, the report made by 
the second laboratory showed the product (made in the same way and of 
equal age, etc.) to have met all requirements of the ordinance. The de- 
partment of buildings’ investigation of these variations of laboratory re- 
ports revealed that the machine used for the one test had no universal 
head and that the compression stresses were not being uniformly distrib- 
uted over the entire unit, causing early or premature failure. On the other 
hand, we found that the machine used for the other test was of inadequate 
size and that the unit tested was necessarily permitted to project beyond 
each side of the seat and head of the machine, causing sheer stresses to be 
set up at these points and giving a very questionable result and one mani- 
festly unfair and consequently unreliable and unacceptable for the purpose. 

The department of buildings’ experiences with these tests is mentioned 
here merely to show the importance of personal supervision by the building 
officials in checking up on this work. Both of the laboratories referred to 
are recognized as competent and trustworthy, the one being the University 
of Cincinnati Engineering College. 

While the department is not directly concerned or interested in the 
proportions of sand, aggregate and cement used in the manufacture of 
these units, we do, however, as a matter of interest and policy, check and 
keep record of this phase of the work. We have found that the block or 
units showing the greatest strength contain a larger amount of coarse 
aggregate and a longer period of time is spent in the mixing. The average 
time period of mixing is about 2%4 minutes and the average mix consists 
of one part cement to five parts sand and aggregate. Generally, the aggre 
gate used varies from 5% in. down about 55 per cent of the total aggregate 
consists of clean washed sand. The average manufacturer reports 13.4 
blocks (size 8in.x 8in.x16in.) produced from one 94-lb. sack of cement, 
and these are sold at from 18 to 21 cents per block at the manufacturer's 
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yard, with an added charge of 5 cents per block for stone-face finish. Re- 
cently we have noted a tendency to decrease the amount of material in 
each unit. While the average block eighteen months ago was about 67 per 
cent solid, we now find an average of about 58 per cent solid, but have 
noted no decrease in the ultimate strength, indicating a somewhat richer 
mix. 

Education Needed.—The department believes that if more scientific 
methods were used a larger number of units could be produced from the 
same amount of cement. We do not believe that the concrete block manu- 
facturers of Cincinnati are peculiar to the industry and believe they are 
fairly representative of their kind in any other American city. The de- 
partment of buildings has noted that these manufacturers mostly do not 
avail themselves of the ways and means offered by scientific research labo- 
ratories to improve their products. It is a regrettable fact that although 
much valuable and interesting data on the subject of proper proportioning 
and mixing of concrete are easily obtainable, the average manufacturer does 
not even know that such data exist, or, if he does know, fails to apply them 
to his work. 

That manufacturers of concrete units do not take advantage of the 
valuable information compiled by students of this subject is no fault of the 
organization mentioned, but means must be found to compel these men to 
take heed and be guided in their work by proper influences or their busi- 
ness will suffer economic extinction, What would happen to us if our aver- 
age medical practitioners failed to use the latest and most proven methods 
in combating disease? Of what value to us, when the truths learned in the 
research laboratories are not put to use in an effective and beneficial man- 
ner! Here surely is a field of endeavor worth the task. Perhaps it is 
largely on account of these shortcomings in our ordinary builders and con- 
crete unit, manufacturers that most building codes set up requirements 
which often seem unreasonable and out of proportion to actual conditions. 

Criticism has been made of the 1,000 lb. per sq. in. requirements for 
concrete units to be used in ordinary two-story residences and which will 
actually be stressed to only about 25 lb. per sq. in. Personally, I amit 
that this requirement may be excessive, but we must not fail to consider 
that these units are often subjected to lateral stresses from soil, frost and 
water pressure, and to poor workmanship, the bearing surfaces being 
often only 50 per cent. covered with mortar. 

I believe the real cure for excessive building code requirements is bet- 
ter material and workmanship, and that improvements in our codes in this 
respect will be in proportion to improvements in the industry affected. 
There is always opposition to lowering the standards of requirements in 
building codes, no matter how unreasonable they may seem, either by con- 
servative architects, ete., or by selfish interests. It therefore behooves the 
industry which would change an excessive building code requirement, first 
to show good faith by improving itself and show a high standard being 
produced by the industry generally. 








Mr. Woolson. 


DISCUSSION. 


Iza WooL_son—From a rather intimate experience of some years with 
building code requirements, | am convinced that one of the greatest draw- 
backs with which the concrete block manufacturer has to contend is the 
rather severe restrictions of building codes in general as regards the recog 
nition of walls built with such units, compared with other materials. 

It is a common requirement, I think, that insurance ‘organizations 
class concrete block buildings as frame. That has been the custom for some 
years. It is gradually being overcome, but it still exists to a large extent 
in different parts of the country because of the unfortunate experience 
which insurance organizations have had with the failure of wall concrete 
block when subjected to fire. The damage has been so great that, so far 
as their business is concerned, the loss is practically a total one and they 
might just as well be frame; in fact, I have heard the argument made that 
insurance companies would prefer frame because then there would be no 
cost of tearing away the rubbish. 

Such experience, as all concrete block manufacturers know or ought to 
know now, after the investigations that have been conducted at the Under 
writers’ Laboratories under the joint jurisdiction of that organization and 
the Concrete Products Association, largely resulted from the cracking of 
the webs in the blocks, due to unequal expansion of the two sides of the 
wall, that exposed to the fire and the outside. If a large percentage of 
blocks in a wall are found to be cracked after a fire, although the wall may 
be standing, it is still unstable and does not sound right to the hammer, 
the owner of the building says to the insurance company: “That wall shal! 
be made as good as it was before,” and that usually means its demolition. 
Now that difficulty which has been inherent in concrete blocks can be largely 
overcome by processes of manufacture, and up-to-date, wide-awake men ar« 
doing it; and the tests that I spoke of before have demonstrated that the 
better grades of blocks can be made to withstand severe fire tests. When 
blocks having such qualifications can be assured, it is manifestly the duty 
of insurance rating organizations to give them a better classification than 
hitherto justified. 

One of the warnings sounded by that report was that quartz grave! 
was not a suitable aggregate to be used in concrete blocks, where it was 
liable to be subjected to fire. I am just wondering how many manufacturers 
have listened to that warning? How many manufacturers are continuing 
to make their blocks of quartz gravel, irrespective of the. location where 
they are to be used? If they have not listened to the warnings, they are 
likely to pay the penalty, for it is an undoubted fact that quartz gravel 
is not suited to the use of concrete that is liable to be subjected to fire, 
either in concrete blocks or in solid concrete construction. I speak of this 
rather forcibly because | was very much interested in developing that fact 
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a good many years ago. The tests that were made at the Underwriters’ 
Laboratories confirmed that fact and the tests which have been made at 
the Bureau of Standards further confirm it. 

I think that is one of the features that this organization ought to take 
up. It should be emphasized in its specifications and then through its 
proper committee, the matter should be taken up with a suitable committee 
on the same subject in the American Society for Testing Materials and 
get the specifications exactly the same in all particulars in both organiza 
tions. Give all the latitude that should be given; reduce the ultimat« 
strength stresses where they probably can be reduced in saféty, but let 
us have one standard instead of two or more which vary in certain features 
| believe the product is capable of much larger and better development than 
has occurred during my experience in the last 15 or 20 years. 

There was a time when I tested a great many of these blocks, and | 
found they had a wide variation in quality, and I understand that that 
variation still exists to a greater extent than it ought to, after the inves 
tigations that have been made and should have tended to correct those 
defects. 

E. W. Dienntart—In order that the record of discussion may be more 
or less clear on this, there is a point with regard to the salvage value or 
fire resistance factor of hollow building units that should be brought out. 
The tests made at the Underwriters Laboratories were on 8-in. hollow 
walls. Salvage value and fire protection are relative factors. Tests made 
by the Bureau of Standards on solid brick walls state emphatically that an 
8-in. solid brick wall cannot be expected to have a salvage value. Eco- 
nomics has found a place for 8-in. masonry walls. When compared with 
a solid brick wall we have just as good a wall as solid brick. 

With regard to Mr. Woolson’s statement on the use of quartz aggre 
gate, I believe he made it clear and we should have it emphatic, that the 
same risk involved with hollow masonry units is also encountered when 
that material is used in monolithic construction. 

Professor Woolson touched upon another detail that is important in 
our industry and that is: Variation of quality. Variation of quality does 
not come alone from lack of attention on the part of the manufacturer, 
lut the building code requirements of this country tend to cause a variation 
in quality. For instance, in our own plant, we ship concrete building tile 
to Detroit, where a gross area compressive test of 700 Ib. per sq. in. is 
required, We ship to Jackson, Michigan, where 800 Ib. per sq. in. is 
required, and we ship down into Ohio where the general requirements are 
1,000 Ib. per sq. in. You can readily see that some work must be done 
to standardize building codes so that we who ship products into these 
various markets will have a uniform standard of quality to work to. 

Mr. Woorson—Referring to a remark that Mr. Dienhart made that 
there was great necessity for the revision of building codes in order to make 
them uniform in their requirements, I want to say that there is no ques- 
tion but that it is highly desirable, and the suggestion which T made that 
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Mr. Woolson. this organization get together with the American Society for Testing 


Mr. Hatt. 


* Materials and get a standard ordinance was aimed at the accomplishment 
of that purpose. 

After these two organizations have decided upon what a standard 
ordinance should be for the complete control or use of blocks, then building 
code committees throughout the country have something to accept and incor- 
porate into their ordinances, the same as they have at the present time a 
standard specification for portland cement. Nearly every building code in 
the country accepts the standard specification for portland cement because 
it is recognized as a standard by competent authorities. Now when your 
specifications are equally standardized for blocks, they will be put into the 
building codes in the same way and then you will have one requirement 
to work to instead of two or three. 

W. K. Hatr—tThere is one phase of the subject that I think is interest- 
ing, that is the matter of keeping antiquated codes in print. I suppose a 
building code is an extension of the police power directed to the preserva- 
tion of public health and safety, but since codes are written by engineers 
and by architects, they have come to be very largely manuals of construc- 
tion. J understand also that in most cases it requires the publication in 
some local paper three times of any new code provision, which is a very 
expensive matter. If we could, by some means, take out of the building 
code all those matters of good practice, of relative economy, small differ 
entials of improvement, etc., and publish them as a supplement or appendix. 
and put in the code itself only those matters which protect a man from 
being killed or injured by a falling building or having his health injured 
by lack of proper sanitary conveniences, taking care of access and exit 
requirements, codes might be printed in a small volume and leave to the 
building department, publication, as an appendix, advice as to how best 
to make materials stand up to the requirements. 

In discussing this matter with Mr. Burton, who is commissioner of 
the city of Detroit, he said that was all very well and might have obtained 
in European cities where an architect was held personally responsible for 
the safety of his structure. In this country we cannot do that, we are all 
friendly and juries are friendly and so we have to have these supplementary 
manuals of instruction to get good material, good design and practice. 

However that may be, I think there is an opportunity of improving 
codes to diminish the volume of the publication and not deal too much: 
with the matter of good practice, because when you do that you have this 
contest between different producing interests which sometimes prevents an 
improvement of codes and makes it mere difficult to advance them. 














CONCRETE UNITS IN BUILDING CODEs. 
By FRANK P. CARTWRIGHT.* 


Building code requirements for concrete units present a field for 
simplification and standardization as fertile as any in the catalogue. There 
is a variety both of requirements and of limits enforced under these re- 
quirements, which defies complete description within the limit of a brief 
article, and which is entirely unjustifiable under the widest conceivable 
variation in conditions. 

The subject divides itself naturally into a description of historical 
trends and present status, with reference, first, to requirements for the 
units themselves, and second, to their use in masonry. What requirements 
we now have in codes are comparatively recent, and there is a marked lag 
between development of the product and its recognition in code practice. 

When the writer attempted to draw a comparison between prevailing 
building code requirements for concrete units and those obtaining some 
years ago, a number of representative codes of about the vintage 1900 to 
1910 were secured and examined for regulations relative to such units. 
Practically no requirements were found worth mentioning and the purposes 
for which such units were allowed to be used were in general so limited 
that the lack of requirements governing strength and other physical char- 
acteristics was not remarkable. Concrete brick and tile at that time had 
searcely been suggested and no recognition of them appears in code re- 
quirements. 

Historical Trends.—Since that time, as you will doubtless know, there 
has been a tremendous expansion in the use of these masonry materials 
with which the somewhat ponderous machinery of building code revision 
has been in many cases unable to keep pace. To quote some figures from 
recent reports of the U. S. Department of Commerce concrete units were 
being produced in 1921 by 1,123 concerns and the total value of such pro- 
duction amounted to $31,768,143. In 1923, the latest year for which data 
are available, these figures had increased to 1,138 concerns with a total 
production valued at $53,602.32 

Appreciation of this development has not been general among those 
outside the industry and it is perhaps not surprising that code require- 
ments have lagged behind technical progress in development of materials. 
A widely heralded handbook of building construction which recently ap- 
peared includes in its 1,400-odd pages eight lines on cement brick (so- 
called). Concrete block is more generously treated. 

The Bureau of Standards made in 1921 an analysis of masonry wall 
requirements for dwellings not exceeding four stories in height. Of the 


*Former Secretary, Building Code Committee, United States Department of 
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135 codes examined, which were thoroughly representative, 54 made no 
provision for the use of hollow concrete block. Nor was this the worst of 
it. Thirty-nine were dated 1914 or later, and twelve, representing a popu- 
lation of 2,360,000, were of the vintage of 1919 to 1921. Seven of these 12, 
according to the latest information, are still lacking in provision for the 
use of concrete units. 

Code Deficiencies.—To illustrate the delays and difficulties between 
industrial development of the material, and the enactment of corresponding 
code requirements, a few examples may be cited. Montgomery, Ala., in its 
building code of 1903, recognized the use of concrete blocks. The news 
had not penetrated to Florence, Ala., in 1918. Lynn, Mass., in its 1921 
code provides for concrete units; Salem, Mass., ten miles away, in its code 
of the same year makes no mention of them. A subsequent examination of 
representative code requirements in January 1925 shows 10 out of 50 ordi- 
nances which do not mention concrete blocks. It is true, of course, that 
when a material is not mentioned in such legislation its use and develop- 
ment is not hampered, and to this extent such omissions may be regarded 
with equanimity. On the other hand, building officials have an unfortunate 
tendency to consider that when a material is not mentioned, its use should 
not be allowed. There is also the abuse to which lack of regulation ex- 
poses an otherwise creditable material. 

The situation in regard to concrete brick is of course much worse, 
since the development of these and of suitable code requirements for them 
is more recent. The Department of Commerce has on file five codes, repre- 
senting a population of 1,530,000 which allow free use of concrete brick, 
and there are at least five more, now in process of enactment, which, unless 
changed at the last minute, will provide for their use. They doubtless are 
being used much more widely, but whether under desirable regulation, 
from the viewpoint of both maker and purchaser, is uncertain. 

Many codes which do mention concrete units are so vague in their 
requirements that the material is subject to any whim of interpretation. 
Some codes specify requirements for units, but say nothing about their 
use in walls. In at least one code the converse is true. A discussion of 
some of these shortcomings follows, based on the requirements of 50 repre- 
sentative codes for concrete blocks. 

Strength and Absorption Variations.—Compressive strength limits for 
block to be laid with cells vertical vary from 750 to 1,000 lb. per sq. in. 
of gross area tested as laid in the wall, with an average of 870 lb. A few 
codes still cling to the limit based on net area, with its obvious difficulties 
for thin-walled block, the allowed strength being uniformly 1,500 lb. Four 
other codes do not state whether the limits apply to net or gross section, 
and considering the range of practice no conclusion can be drawn from 
the stress limits specified. A few ordinances allow block to be tested with 
cells horizontal, specifying average strength limits of 300 lb. with a mini- 
mum of 200 lb. for any of those tested. In two cases the extraordinary 
requirement of a tensile strength test is included. 
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The majority of codes specify an absorption limit, the prescribed values 
ranging from 5 per cent to 15 per cent of the weight of the block, and 
obtained by 24 to 48 hr. immersion. The favorite figure is 10 per cent. 
No codes are at hand except those of Washington, D. C., and Evansville, 
Ind., which vary this requirement to recognize block of light aggregate. 

Undoubtedly, the character of available aggregates and other considera- 
tions in a given locality may make it possible to secure a stronger or less 
absorptive unit than in other places. There is no reason, however, from 
a building regulation viewpoint, for a strength requirement greater than 
needed for durability and safety, and such a limit will naturally be the 
same everywhere that block are used for the same purposes. Greater 
strength or durability where considered desirable by builders, should be 
secured by agreement with the manufacturer; not by public fiat. 

A number of codes, perhaps 25 per cent of those examined, supplement 
strength and absorption requirements with directions for the size of aggre- 
gate and the proportions of the mix. Methods of curing and age of block 
when tested also come in for their share of attention. The proportions 
specified range from 1 cement-4 sand, to 1 cement-3 sand-5 coarse aggre- 
gate; and the maximum age when tested from 28 to 36 days. The age at 
which block may be used in the wall varies from 14 to 30 days though it 
is obvious that by steam curing, or by the use of special cements, the neces- 
sary strength could be secured much sooner. 

If block are placed on a proper performance basis as to strength and 
absorption, there should be no need of rules governing proportions. Such 
rules are unenforceable in practice, and operate merely to hamper the 
manufacturer or to weaken the code. 

Performance Fundamental Consideration.—Obviously the performance 
of the unit in the wall is the fundamental consideration. The unit cannot 
be placed in the wall until it reaches the job and if the code requirement 
reads that samples be taken from the job, the necessary control over 
strength of the unit when used in the wall will be secured without ham- 
pering time restrictions. 

Other Considerations.—The branding of units by the maker, required 
in about one-third of the codes examined, is believed essential to effective 
control of the material and if accompanied by a requirement that units be 
dated as well as trade-marked it assists in preventing use of green block. 

The freezing and thawing tests characteristic of some early code re- 
reason for their revival. 

A majority of the codes examined restrict the percentage of hollow 
spaces in block and tile, the limits ranging from 25 per cent to 50 per cent 
of the gross section. The limits are accompanied in some places by specific 
requirements for thickness of shells and webs, these operating in some 
cases to prevent ihe manufacture and use of concrete tile. This is believed 
to be entirely out of line with the general trend toward a performance 
basis. Concrete tile which meet the requirements for compressive strength 
on gross sectional area will almost certainly have sufficient net section to 
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permit effective bedding in mortar and there is no good reason why sucl 
units should not be used within the ordinary height and stress limits for 
walls of such materials, as readily as clay hollow tile are now used. The 
Department of Commerce recommendations coincide with those of the Port 
land Cement Association and The American Concrete Institute in avoiding 
entirely this form of restriction. 

Block Utilization Deficiencies.—Considering the variations in code re 
quirements for concrete units it is not surprising that there should be even 
greater differences in those controlling the utilization of these units in 
masonry. As previously noted, many codes do not cover this phase. Of 
those which do, it is notable that codes with the lowest strength require 
ments for units usually permit fairly high working stresses in walls of 
these units. The stresses themselves range from 80 |b. per sq. in. for 
brick laid with cells vertical and 30 Ib. for brick laid with cells: horizontal, 
to 138 lb. without reference to method of laying. One code distinguishes 
between wall stresses for machine-made and hand-made block, though no 
such distinction appears in the strength requirements for single block. Two 
codes set different stress limits with respect to the mortar used. In one 
case a stress of 300 lb. is allowed on the net section of the block, which in 
effect is a much higher stress than allowed by the average of other require 
ments based on gross section. 

The Department of Commerce Building Code Committee has given the 
comparative stresses for block laid with cells vertical and horizontal a 
great deal of study. It appears that the smaller net section characteristic 
of block laid with cells horizontal is fairly well offset in practice by the 
more thorough bedding in mortar. There is also the consideration that 
unless work is very carefully inspected courses with cells laid horizontally 
may be inserted in walls designed to be laid with cells vertical thereby 
defeating the increased strength which such walls might otherwise be 
expected to have. In view of this the same stress of 80 lb, per sq. in. gross 
sectional area is recommended in both cases. This should be decreased to 
70 lb. where cement-lime mortar is used. Lime mortar is not recommended 
to be used for laying of hollow units. 

Larger units are generally supposed to result in more rigid walls and 
in view of the comparatively generous working stress limits in the codes 
examined it is hard to understand why concrete block walls are limited in 
practically all cases to three stories or 40 ft. The two exceptions found 
permit their use for six-story bearing walls. The Building Code Com- 
mittee, with an eye to the combined stresses ordinarily obtained in bearing 
walls, has increased the generally specified height to 50 ft. This is about 
consistent with the stress limits imposed and with the wall heights for 
ordinary construction determined by economic and fire resistance require 
ments. 

Summary or intelligible comparison of thickness requirements for 
bearing and non-bearing walls of concrete block is practically impossible 
because of the multitude of variations met with. In general, the thicknese 
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limits follow closely those imposed for solid brick walls and are somewhat 
greater than recommend by the Building Code Committee in its report on 
masonry wall construction. In two cases only the thickness required was 
10 per cent less than that for solid clay brick walls. Other departures 
were in the direction of greater thickness. 

The use of concrete block for fire walls is quite uniformly forbidden 
in current codes. This, however, is hardly supported by the results of 
more recent tests of such construction and the use of the material for this 
purpose has been recognized in the Department of Commerce report as 
follows: 

Fire walls, defined as interior walls extending continuously from base- 
ment to parapet, are required to be not less than 12 in. thick for resi- 
dential buildings and 16 in. for other occupancies. Fire division walls, 
extending from floor to floor in buildings of fire-resistive construction, may 
be not less than 12 in. throughout. These limits apply for both concrete 
block and concrete tile. 

In summary, eede requirements for concrete building units are in a 
had way. They are well behind technical progress in the material, they 
are restrictive and uneconomical in some cases, they lack the uniformity 
necessary to the marketing of a standardized product over any consider 
able area and the advantages of large-scale production of the material and 
they merit energetic effort on the part of professional groups toward their 
improvement. A critical and uncomplimentary description of existing con 
ditions is of little value unless it suggests definite measures for bringing 
about their betterment. 

Suggestions._-With a view to providing a basis for the development of 
uch measures, the following suggestions are offered: 

1. Discrepancies between current recommendations for public regula 
tion, under the police power, of the quality of the material should be 
ironed out. There is no objection to variation in the specifications recom- 
mended by different organizations for general purposes. Where these rec- 
ommendations are intended to influence building code revision, they should 
be in agreement. Many recommendations received by the writer offer evi 
dence of the confusion among code-drafting bodies occasioned by differences 
in recommendations proceeding from national organizations apparently 
equally authoritative. Where specifications are intended primarily for 
other purpose than code revision, this fact should be emphasized for the 
henefit of code-drafting organizations to the attention of which such speci 
fication may come. 

A comparison of the requirements of the American Concrete Institute, 
the Department of Commerce Building Committee, the American Society for 
Testing Materials and the Portland Cement Association shows complete 
agreement on but one or two points. The average compressive strength of 
brick, for instance, is put at 1,500 lb. per sq. in. by all, although two 
specify “as laid in the wall” and two “flatwise.” The A, C. L, however, 


recognizes three different grades of hollow block, with different compressive 
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strengths for each while the Portland Cement Association and the Building 
Code Committee name only one. The Portland Cement Association allows 
a unit compressive strength in masonry walls of 100 lb. per sq. in., while 
the Building Code Committee has not felt justified in going over 80. In 
absorption requirements, the A. C. I. and Building Code Committee are in 
agreement while the Portland Cement Association and the A. S. T. M. go 
their separate ways. It is obvious that efforts to remedy the existing 
confusion in code treatment of the subject will be much more effective if 
the recommendations of these organizations are in more complete agreement. 

2. So far as possible, code requirements should be on a performance 
basis, with emphasis on performance when built into masonry rather than 
as single units. This means that strength requirements based on net sec 
tion, thickness of shells and webs, percentage of hollow space, proportions 
of aggregates, methods of curing, etc., as criteria of suitability should be 
dropped and requirements for strength over gross area and absorption 
based on amount of water should be emphasized. In the field of utiliza 
tion, working stresses should be kept low until it is demonstrated by tests 
similar to those which have been met by clay brick and other materials 
that higher limits are permissible. Height limits should be incorporated in 
building codes sufficient to encourage energetic development of the material 
through such tests and through study of its possibilities. 

3. Further tests on concrete brick masonry should be made. There is 
available a very large collection of test data on the strength of clay brick 
masonry. The data on which recommended stresses for concrete brick 
masonry are predicated are fewer in number and in the interests of a more 
general knowledge on this subject it is desirable that further work be done. 
The question of whether the tests should come at the initiative of the manu 
facturer or of professional groups interested in the use of concrete is a 
question which it seems to the writer might with propriety be discussed at 
a meeting of this sort. 














Errect or LIME ON CoNCRETE PRODUCTS. 
By Paut C. CUNNICK.* 


REPORT OF INVESTIGATIONS MADE AT THE ROCK ISLAND ARSENAL DURING 1925. 


Many authorities have concluded that the use of more than 10 per 
cent of lime in concrete was not warranted. It has been assumed that this 
was also the economical limit in the manufacture of concrete products, but 
no data could be found on the subject. Apparently no serious investigation 
has been made of the use of lime in this important branch of the concrete 
industry. The object of the following tests was to indicate the effect of 
lime on concrete products and this report covers about 1500 test operations 
to this end. 

Acknowledgment is made to Herman Meier, of the Northwest Daven- 
port Cement Block Works, Davenport, Iowa, and to Sidney P. Moore, presi- 
dent of the Builders’ Materials Co., Cedar Rapids, Iowa, whose plants made 
the test units in their regular operations; and to Col, D. M. King, com- 
manding officer, and John Robertson, of the laboratory, Rock’ Island 
Arsenal, where the tests were made. The investigation was sponsored by 
the National Lime Association and their representative, J. 8. Elwell, col- 
laborated throughout. 


OUTLINE OF INVESTIGATIONS, 


Block Plant Test No. 1,—The first units for this test were manufac- 
tured at the plant of the Northwest Davenport Cement Block Works, Dav- 
enport, Iowa. This run consisted of 36 variables, with 6 mixes and 6 lime 
contents and it totaled 250 test units. Crushing tests at the age of 7 and 
28 days showed the strengths to be increasing at 20 per cent addition of 
lime, which was the maximum used. This made necessary another plant 
run to determine the point where the addition of lime would cause the 
strengths to fall off. 

Block Plant Test No. 2.—The second field run was made at the con- 
crete block plant of the Builders’ Materials Co., Cedar Rapids, Iowa. 
Thirty-six variables—including both hydrated lime and quick-lime putty— 
were run for a total of 990 test specimens. These blocks were shipped to 
the Rock Island Arsenal for strength and absorption tests. Five units were 
provided for the absorption and five for crushing at 28 days, 3 months, 6 
months, 1 year and 2 years respectively, or 30 units of each kind, All 


*PDirector of Laboratories, Rock Island Arsenal, Rock Island, TI. 
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tests except the 1- and 2-year strengths are now completed. In this test 
the strengths at 28 days and 3 months were so unusual that it seemed 
advisable to run some laboratory experiments in confirmation. 

Laboratory Experiment No. 1.—Study of certain conditions and results 
of manufacture in these two commercial plants leads to a consideration of 
curing methods. A laboratory experiment was made at the Rock Island 
Arsenal in which 6 mixes and 6 curing methods were used for a total of 36 
variables and 180 test specimens. Conditions paralleling in every possible 
way the Cedar Rapids run were used. 

Results of this experiment based on 28-day strengths, indicate that 
steam curing may be eliminated by the use of lime, under certain condi- 
tions. Further study is planned. 

Laboratory Experiment No. 2.—In order to confirm the results ob 
tained in Plant Test No. 2 and Experiment No. 1 another laboratory ex- 
periment was made. This work paralleled the Cedar Rapids run in all 
respects; i. e., materials, mix and manufacture. All materials were ob- 
tained from the Cedar Rapids plant. Two curing methods, 3 mixes and 11 
lime contents gave a total of 66 variables and 330 test specimens for this 
work, 

All investigations made to date have been with products made by the 
dry method. The plant and laboratory operations have closely followed 
the “Recommended Practice for the Manufacture of Concrete Products” of 
the American Concrete Institute. Crushing and absorption tests were 
made as approved by the same authority. 


GENERAL INDICATIONS. 
Briefly summed up the general indications of the results are: 
1, Appearance of the product is improved by all percentages of lime. 


2. Strength: 

(a) Up to 40 per cent by weight hydrated lime gives an average 
increase in strength of approximately 1 per cent for each 
pound of lime added per sack of cement. 

(b) Aged lime putty gives considerable increase in strength, also 
much quicker set than equivalent amounts of hydrate. 

(ec) All percentages of lime tested show increase in strength from 
28 days to 6 months of age. 


3. Absorption: 

(a) Determined by the standard immersion method absorption in- 
creased uniformly from 6.2 per cent without lime to 7% per 
cent with the maximum lime content used. 

(b) Determined by impounding water on one face, absorption is 
not increased by the use of lime. 


4. Permeability as determined by impounding water on one face, is 
eliminated by use of 20 per cent or more of hydrated lime or equivalent in 
lime putty. 
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5. Penetration of Dampness into the product decreases as the lime is 
increased. 

DETAILS OF INVESTIGATION. 

Block Plant Test No. 1.—Several plants were considered for this pre- 
liminary investigation and the plant of the Northwest Davenport Cement 
Block Works was chosen as they were operating along the lines of good 
practice. The test was run by the regular operatives and care was taken 


TaBLe 1-A.—PrRopoRTIONING Data AND Test Resuutts Biock PLANT 



































Test No. 1. 
Cubic Feet Cubic Feet Dry and | 
| z ; : | Fineness | Total Water| Blocks 
Mix. | Natural Materials. Rodded Materials. | Modulus | Content, | Per Seck 
pa N ; ( 
| Sand. Gravel. | Sand. Gravel. | of Mix. | pounds of Coment 
1:4 | 2.00 3.00 1.74 3.00 4.20 49 11.0 
1:5 | 2.25 3.50 2.83 3.50 | 3.9 | 56 Pe 
1:6 3.50 | 4.25 | 3.04 4.25 | 4.00 | 63 | 16.6 
nv] 4: 4. Ge. 4 Sam 1 6) oe 70 | 19.4 
1:8 | 4.67 5.67 | 4.06 S42 48 78 | 22.2 
1:9 | 5.17 6.33 4.50 6.33 | 4.01 85 | 25.0 
| | | | 
7-Day Compressive STRENGTHS. 
Pounds per sq. in. of gross area. 
- ste ti 5%—5 Ib. | 10%—10lb. | 15%—15 Ib. | 20%—20 Ib. | 10%—22%6 Ib. 
Mix No Lime Hydrate. Hydrate. Hydrate. Hydrate. | Quicklime Putty. 
Pe PES PTS Se Pee Ee RSE 
1:4 | 1232 1258 +1490 1330 1450 1750 
1:5 863 | 752 1040 1063 980 1110 
1:6 | 615 480 555 659 752 885 
1:7 | 430 | 632s 553 ssi 728 CO 664 
1:8 | 409 450 449 | 530 | 436 | 640 
1:9 | 314 343 439 427 | 456 a ee 
' | 
28-Dar ComFRESSIVE STRENGTHS. 
oo ae aa a 
| 
1:4 | 1473 1655 1805 1551 1430 2120 
1:5 | 996 1034 | 1180 1245 1066 1245 
1:6 | 943 77 945 1000 | 1208 1109 
1:7 585 | 816 | 707 856 957 1007 
1:8 575 853 622 77 | 710 837 
1:9 426 440 515 610 | 570 Poy 


| | | | 


Nors.—All strengths are the average of three crushing tests. 


in the measurement of materials to insure uniformity and in recording con- 
ditions. Table 1-A gives the data of proportioning as recorded. Mixing 
in a Blystone mixer 1144 min. dry and 144 min. wet was uniform in all 
cases. The blocks were cast in an Ideal horizontal core machine and cured 
in saturated air at 90 deg. F. for 48 hours and then put into open March 
storage. The consistency of the mix was as wet as the machine operator 
could reasonably handle and care was taken to insure uniformity in all 
operations of proportioning, mixing, casting and curing. 

The blocks were tested for crushing strength at the ages of 7 and 28 
days at the Rock Island Arsenal and the results are shown in Table 1-A. 











ho 
—_ 
to 


Errect oF Lime ON CONCRETE. 


TaBLEe 1-B.—Proportionine Dara. 
Determined in Block Plant Test No. 2 and used in all laboratory experiments 


PROPERTIES OF AGGREGATES. 





Sand Gravel 
Wt. of 1 cu. ft. of material in the natural state.. 96.9 Ib. 104.2 lb. 
Wt. of above material, dry and rodded......... 92.8 lb. 101.6 lb. 
Volume of above material, dry and rodded.... . 0.84 cu. ft. 0.94 cu. ft 
Wt. of 1 cu. ft. of material, dry and rodded.... 110 lb. 108 lb. 
Bulking of ratio of wet to dry material.....°... 119% 106% 
Water content per cu. ft. material in natural 
Es PR is Gyvle its tb Vecusiesseaesccccce 4.1 lb 2.6 lb. 
Per cent of water by weight in natural state.... 4.2% 2.5% 
Sieve analysis: 
Retained on a No. 4 sieve................ 2% 10% 
NG etl Bis fig gees’ 11% 58% 
pO ee ek eae 38% 98% 
30 sieve........ 74% 100% 
BS a 94% 100% 
MR tats sc na es bck 99% 100% 
ND iia Sac Cueb%in ca deadseses 3.18 4.66 
Required percentage for fineness modulus of 3.80 574% 42144% 
DETAILS OF PROPORTIONING. 
Mix. Cement to dry, rodded aggregates. 1:6 1:7 1:8 
When mixed the separate vol. shrink to. 85% 85% 85% 
Sum. vol. sand and gravel before mix... 7.05 cu. ft. 8.22 cu. ft. 9.42 eu. ft. 
Required volumes—dry and rodded: 
Sand—57%% of sum of volumes..... 4.05 cu. ft. 4.72 cu. ft. 5.42 cu. ft. 
Gravel—42'%% of sum of volumes... 2.99 cu. ft. 3.48 cu. ft. 4.01 cu. ft. 
Required volumes—in natural state: 
Sand—119% of dry volume.......... 4.82 cu. ft. 5.60 cu. ft. 6.45 cu. ft. 
Gravel—106% of dry volume........ 3.18 cu. ft. 3.68 cu. ft. 4.25 cu. ft. 
ES ae ee 
MR dcl de hickidccdies sree See cept: Babe. fer.6.4 eu. ft. 
ie Warde iis ois ang yi waits 4 3.2 cu. ft. 3.6 cu. ft. 4.2 eu. ft. 
Cement, one sack.................. 94 Ib. 94 Ib. 94 Ib. 
Blocks per sack of cement calculated. 17.8 20.8 23.8 


Recorp or WatTeR ConTENT FOR A OnE Sack Mrx. 


Water added, water in aggregates and water in putty, totaled in pounds. 


























. | Without All per cent 22%4 Ib-—10% | 45 Ib.—20% | 67% Ib.—30% | 90 Ib.—40% |11234 Ib.—50% 
Mix. | Lime. |of ydrate. utty. Putty. utty. Putty. tty 

1:6 | 80 80 844 89 9314 4 102% 
1:7 | 88 88 8814 95 10114 106 10844 
1:8 105 105 109% 114 114% 115 119% 
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Block Plant Test No. 2.—In order to vary the manufacturing condi- 
tions the specimens for the second block test were made at the plant of 
the Builders’ Materials Co., Cedar Rapids, lowa. The materials used were 
all carried in stock and operating conditions were in no way changed ex- 
cept that a batch measuring box was installed which permitted the accu- 
rate measurement of materials. The prompt and complete delivery of 
materials to the mixer permitted a mixing time of 6 min., 3 min. dry and 
3 min. wet, without slowing up the operation of the plant. It might be 
noted that this measuring box is still in use. The tests were run through 














FIG. 1.—MEASURING BOX AND MIXER: BUILDERS’ MATERIAL co., 
CEDAR RAPIDS, IOWA. 


by the usual operatives and considerable care was taken to insure that all 
batches were uniform and of the desired proportions. The consistency for 
each variable was as wet as could be properly handled, throughout the 
operation, without slump. To this end the judgment of the machine oper- 
ator was of great assistance in fixing the amount of water required. 

Table 1-B gives the properties of the aggregates, the details of pro- 
portioning and the total water contents. Mixing was done in a Blystone 
tilting mixer and this mix was conveyed automatically to the feed hopper 
of an Anchor automatic tamper. This machine is of the vertical stripper 
type and is equipped with a manually-operated feed. In casting, the 
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amount of tamping was as uniform as the operator could obtain. Curing 
was in steam at 125 deg. F. for 36 hours, followed by sprinkling night and 
morning for 6 days, in open May storage. Figs. 1 and 2 were taken at the 
plant during this run. 

When about 20 days old the specimens were shipped to the Rock Island 
Arsenal laboratory and there placed in covered storage until needed for 
test. Tests have been made as follows: 








FIG. 2..-ANCHOR AUTOMATIC TAMPER: BUILDERS’ MATERIAL CO., 
CEDAR RAITIDS, IOWA. 


Crushing strengths at 28 days, 3 and 6 months. (See Table 3.) 

Absorption by standard immersion method. (See Table 4, Column 4.) 

Absorption on one face. (See Table 4, Column 5.) 

Permeability Tests: (See Table 4, Column 6.) 

Penetration of Dampness into the unit. (See Table 4, Column 7.) 

Laboratory Experiment No. 1.—In order to determine that lime-cement 
products were advantageously cured by the customary steam and moist 
methods, it was decided to make a curing experiment. Hydrate and putty 
equivalent to 20 per cent of hydrated lime were used in three mixes and 
five specimens of each of these six variables were cured under six different 
conditions. These data together with the 28-day strengths are in Table 5. 
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FIG. 3.--EQUIPMENT USED IN MAKING LABORATORY SPECIMENS: 
ROCK ISLAND ARSENAL, 














FIG, 4..-ASSEMBLED BLOCKS MADE AT NORTHWEST DAVENPORT 
CEMENT BLOCK WORKS, 
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After consideration it was decided to investigate further two of these 
curing methods: Twenty-four hours in steam at 125 deg. F. followed by 
6 days sprinkling as compared with one week moist curing. 


TaBLe 2.—Errect or Lime on 28-Day Compressive STRENGTH. 
































Plant Test Plant Test Laboratory Experiment. - 
5 Number 1. Number 2. a 

+} Steam Cured. Water Cured. ee 

aE. ag8 

fe ae 

o 5 . © a so 

Ss a\ 4 |e 

3 i 33 t S/F? |% 4 3 Silage 

4 ° zs i Py + 4 - i ~~ ae 

1: H ot Ea) |e aq | 053) 24 | a9] i 

; = 21 < 21 Sifgee. 

= ifs L E Bs 52 \ See) 28 | S22| 2 Sze Sak 

60 | 1:6|None| 943 | 100 | 1130] 100 | 1315 1190 | 100 100 
6it | 1:6] 10t| 945] 100 | 1235] 109 | 1540 | 117 1280 | 108 107 
62+ | 1:6 | 20¢| 1204) 128 | 1180} 104 | 1950 | 148 1610 | 135 114 
63¢ | 1:6| 30f] ....| ... | 1211] 107 | 1980 | 150 2010 | 170 133 
4+} 1:6) 40t| ....| ... | 1005] 89 | 3520 | 270° | 2800 | 235° | 130 
66¢ |} 1:6] SOT} ....] ... sss | 79 | 2305 | 175 2160 | 183 129 
5 70 | 1:7| None} 585 | 100 | 1016] 100 | 1050 | 100 840 | 100 100 
Tit | 1:7] 10¢| 707| 123 | 1061 | 104 343 33° 239 29* | 110 
& 72+ | 1:7| 20¢| 957| 162 | 1248] 123 | 1080 | 103 1100 | 131 134 
73t1}1:7| 30t| ....] ... | 1128] 111 | 1520 | 145 1260 | 150 128 
Blt] 7] aor] 1379 | 136 | 1425 | 135 1310 | 156 141 
3 75t | 1:7} 50t 1270 | 125 | 1365 | 130 1330 | 15 135 
| 80 | 1:8] None} 575 | 100 663 | 100 705 | 100 715 | 100 100 
Slt | 1:8| 10¢| 622| 110 852 | 128 390 | 139 980 | 137 125 
82+ | 1:8| 20¢| 710] 121 724 | 109 730 | 111 930 | 130 117 
837} 1:8] 30f| ....] ... 925 | 130 | 1157 | 164 1130 | 158 150 
844} 1:8) 40¢| ....] ... 958 | 144 | 1165 | 166 1365 | 191 161 
85} 1:8) S50f| ....] ... 888 | 134 | 1125 | 157 1125 | 157 145 
60 |1:6|None| 943| 100 | 1130] 100 | 1315 | 100 1190 | 100 100 
G61t | 1:6 | 22443] 1109] 118 | 1125] 99 | 222 171 2020 | 170 129 
62t | 1:6 | 45 seve | eee | 1108} 107] 2015 | 154 2310 | 195 141 
63$ | 1:6 | 674%] .... | ... 887| 78 | 1770 | 135 1955 | 164 113 
64t | 1:6 | 90 cose | cee | 1216] 108 | 1710 | 130 2130 | 179 129 
8 65 | 1:6 |112}¢t 940 83 pie baie Sa i rs ? 
§| 70 | 1:7|None| 585] 100 | 1016| 100 | 1050 | 100 840 | 100 | 100 
71t | 1:7 | 22443} 1007] 172 985 | 97 | 1380 | 131 1735 | 207 135 
2 72t | 1:7 a. vas Gores 943} 96 | 1105 | 105 1690 | 201 125 
3 1:7 | 674% 733 | 74 | 1790 | 170 1705 | 202 130 
74t | 1:7 730 | 79 | 2005 | 192 1525 | 181 133 
75t | 1:7 |112i4t 689 | 68 | .... aaa a oie ? 

, 1:8 | None| 575 | 100 663 | 100 705 | 100 715 | 100 100 
3 | Sit | 1:8 | 22h6t) 837 | 145 756 | 114 | 1085 | 154 1230 | 172 141 
825] 1:8) 455 | .... |... 989 | 149 900 | 127 810 | 113% | 134 
83f | 1:8 | 674%] .... | ... 774 | 116 | 1240 | 176 1115 | 156 141 
$431 1:8/ 90t | ....] ... 617| 93 | 1140 | 162 955 | 133 120 
85$ | 1:8 1124) 2... | 708 | 107 | 1215 | 172 | 970 | 135 128 





























Nors.—* indicates that percentages were not used in computing averages. 
{ indicates hydrated lime. 
indicates lime putty. 
All strengths are average of 5 tests. 


Laboratory Experiment No. 2.—To check from another angle, the re 
sults obtained in the above tests, a series of 2x 4-in. cylinder specimens 
were made in the laboratory having the same variables and materials as 
used in the Cedar Rapids test. The mixing was done in a small mixer 
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built after the manner of a standard Blystone and driven on the centers 
of an engine lathe (See Fig. 4). The specimens were made in a split core 
box of the proper dimensions. The materials were deposited in four layers 
and each layer tamped the same amount, to stimulate as nearly as possible 


TABLE 3.—Errect or Lime ON COMPRESSIVE STRENGTH AFTER 28 Days. 
Tabulation of results of Block Test No. 2 at ages of 1, 3 and 6 months. 
All strengths are average of 5 Tests. 






































Strength in lb. per sq. in. Gross Area. 6 Month 
Proportion Lime per Strength as 
Marked. — to fiom of po pom pe Per — of 
ggregate. ement. 28- 
28 Days. 3 Months. 6 Months. Strength. 

60 1:6 None 1130 1086 1235 109 
61t 1:6 10t 1235 1038 1350 109 
62t 1:6 20t 1180 1119 1370 116 
63+ 1:6 30t 1211 1317 1410 116 
64t 1:6 40t , 1005 953 1360 135 
6st | Sa ee 888 3 | (125 143 
70 | 1:7 | None 1016 30 6 | 01s 100 
71¢ | 1:7 10t 1061 1059 1115 105 
72+ | 1:7 20t 1248 1161 1170 94 
73t | 1:7 30t 1128 1131 1200 106 
74+ | 1:7 40t 1379 1195 1275 93 
75t | 1:7 50t 1270 973 1495 118 
80 | 1:8 None 663 770 805 121 
sit 1:8 10t 852 1043 965 112 
82t | 1:8 20+ 724 1326 960 132 
83+ .| 1:8 30t 925 1419 1360 142 
84+ 1:8 40+ 958 1434 1165 122 
85t | 1:8 50t 888 1478 1155 130 
60 | 1:6 None 1130 1086 1235 109 
61t | 1:6 22\4t 1125 1760 1585 141 
62} 1:6 45t 1198 162 1625 135 
63t | 1:6 6714t 887 1484 1315 148 
64t | 1:6 904 1216 1603 1560 12 

65t | = 1:6 11254 40 86| ~=—(1140 1180 125 
70 | 1:7 | None 1016 839 1015 | 100 
71t | 1:7 Vet 985 1536 1575 160 
72} i7 | | (48 943 1508 1315 139 
73% 1:7 6714t 733 1010 1010 | 150 
74t 1:7 t 780 1051 1070 139 
75% 1:7 112 689 800 890 129 

| | 

80 1:8 | None 663 770 805 121 
sIt 1:8 224ts| 756 779 782 103 
82t | 1:8 | 45t 989 1198 | 1175 | 119 
83 1:8 674t— sit 774 1023 | 1095 14] 
84t 1:8 904 617 781 930 150 
85t 1:8 1124t 708 1069 860 122 


Norte.—t indicates hydrated lime. 
} indicates lime putty. 


the casting machine. Each batch made ten specimens and was mixed 3 
min. dry and 3 min. wet as in the second plant test. The cylinders were 
stripped vertically and moved to a rack immediately after casting. The 
curing methods were as noted above and storage was inside at the normal! 
temperature for the month of August. 
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These specimens were prepared for test according to the standard 
methods as shown in Fig. 4. 

Each of the strengths recorded in Table 2 is the average for five 
specimens broken. 


TaBLe 4.—Errect or Lime ON ABSORPTION, PERMEABILITY AND DAMPNESS 
PENETRATION. 
Results of Plant Block Test No. 2. 





12 inches of Water Impounded on Face 


| 



































Li : 
or Absorption for 24 Hours. 
Proportion | whe fe - \ dinsinshandlieieaidmemeamerenpadaessiie 
Sack of by 24 Hour 
Marked. | Cement to | Cement, Eaaaaien | Absorption, | Per cent of Penetration 
} | Aggregate. pounds. per cent. per cent Impervious jof Dampness 
| Dry Weight. | Units. | inches. 
ge Se Seog oa ae 
6 | 1:6 | None | 5.96 | 3.12 LS Orme. 
61t 1:6 10+ | 6.55 | 2.65 80 | 24-3 
62+ 1:6 20t | 6.03 2.22 100 6 
63t 1:6 | 30t | 7.00 3.37 a4 | 2 —2% 
64t 1:6 40+ | 7.79 2.45 2 
8 65t | 1:6 50t 7.25 3 to | 100 | 114 
& | | 
ds 70 1:7 | None 6.67 3.46 | 20 ¥ 4 
z 71t S77. (a. aa 7.13 3.64 100 31g—4 
a 72 1:7 20t 7.46 3.20 | 100 | 3 —3% 
73t 1:7 | 230f 7.63 3.35 | 190 216 
z 74+ 1:7 40+ 5.90 3.28 | 100 
=| 75t Se ae | 6.02 2.04 100 Ile 
> | } : | | 
| 80 | 1:8 | None 5.97 3.11 | 60 | 34-3 
8it | 1:8 | 10f 6.52 3.65 s60ClUd| 3 -3% 
2t 1:8 6] = 8620t 6.57 3.78 | 100 3 
83t 1:8 30t 6.12 2.26 | 100 214 
84t | a. 6.28 Ss ae 100 2 —24 
85t 1:8 50t 7.14 3.05 | 80 114 
Sie) einen abn gee ial Bae ee ee ee ae : sa A ities = <a 
60 | 1:6 | None 5.96 3.12 40 3 
61¢ | 1:6 6| 22%t 5.60 2.21 60 | 214~3 
62 1:6 | 45t 6.25 2.31 100 214 
m 1:6 | 67% 6.98 3.13 100 2 
$ 1:6 | 90 6.87 | 2.33 100 144—2 
4 65¢ | 1:606| Mat | «5.87 | 2.68 100 1144 
£ 70 1:7 None | 6.67 3.46 20 4 
> 71t 1:7 22ht 5.90 2.36 80 3 
= 72t 1:7 45t 6.08 2.36 100 24 
a 734 1:7 674t 7.00 2.90 100 2 —2% 
2 4} 1:7 90t 6.60 2.76 1 2 —2 
& 75t 1:7 11214t 8.37 3.58 100 144 
3 80 1:8 None 5.97 3.11 60 314-3 
ott 1:8 ayat 6.54 3.02 100 + = 
2t 1:8 45t 5.96 2.65 1 34 
83t 1:8 6714t 6.75 3.72 100 3 _ 
84t 1:8 t 6.99 3.50 100 3 —3% 
85t 1:8 112%t 7.77 4.10 100 
Nors.—t indicates hydrated lime. 
t indicates lime putty. 


All values are the average of 5 tests. 


DISCUSSION OF RESULTS. 

The value of any true investigation in this field is dependent to a 
large extent on the number of determinations made. The more values that 
are included, the nearer the result approaches the fact. 

In this investigation into the effect of lime on concrete products there 
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are included three entirely different conditions of manufacture. A total of 
over 1,500 tests have been made. In general, every value in the tables is 
the average of 5 determinations and the curves shown on the plates are 
the average of 15 to 60 test operations. 

Appearance.—No single quality of a concrete product has greater effect 
on marketability than appearance. A product may be sufficiently strong, 
thoroughly durable, and yet if its appearance is not pleasing, it will be 
sold with difficulty. Observation in these experiments shows that the color 
of the concrete is changed from a dark grey when no lime is used to a 
lighter grey as the lime content of the mix increases. Fig. 4, which is the 
assemblage of one block of each kind from Plant No. 1, shows plainly that 
the use of lime lightens and improves the color of the product. It was 


TaBLe 5.—Errect or Lime on CurinG METHODS. 


Tabulation of results of Laboratory Experiment No. 2. 





Method of Curing. 





Steam............0. 1 day 1 day | 1 day sree | rp | ‘12 
| Se Re Ce Pa eee a ae lay y 
_ 6 days 20 days % ¥¢ 20 days | 6 days 
Storage... ....| 21 days 7days | 27 days 28days | 7 days 21 days 

















Marked Mix | Lime. Crushing Strength in Pounds per sq. in., Net Area. 
pounds 
62t 1:6 | 20t 1200 1600 685 1970 2360 3100 
72+ 1:7 | 20 | 1130 1240 805 910 1695 1790 
82t 1:8 20t | 1310 1535 655 860 1590 1620 
62t 1:6 45t 2360 2840 1575 1530 2400 2300 
72t 4 ae 453 | 1740 1842 1500 382 75 | 2400 
82t 1:8 | 45t 1130 1542 636 | 352 1180 1500 
| 





Nore.—t indicates hydrated lime. 
} indicates quicklime putty. 
All values are the average of five specimens. 


noticeable during these tests that the texture of the surface becomes finer 
as the percentage of lime is increased. The interior texture as observed 
in many fractures is much denser with lime than without. The appearance 
of these blocks is improved by increasing amounts of lime. 

28-Day Strength—tIn general, the results of this investigation show 
that both hydrated lime and lime putty give increased strengths to con- 
crete products for all percentages of lime added. There are some excep- 
tions, but the increases far exceed the decreases and in almost every case 
the apparent loss in strength is shown by other tests to be due to the 
variables of manufacture. 

The 28-day strengths were determined in four tests: Two tests were 
made at concrete block planis and two tests were made as laboratory 


experiments. The two laboratory experiments are considered as one test 
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FIG. 5.—CONCRETE BLOCKS AS TESTED AT ROCK ISLAND ARSENAL. 
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AND ARSENAL, 
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since the specimens for both experiments were mixed in one batch. 
Throughout the laboratory tests the standard methods of testing were 
used. Fig. 5 shows the method of capping the block specimens and also 


PLATE NO. 2 
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FIG. 7.—EFFECT OF LIME 


BY WEIGHT OF CEMENT 


ON 28-DAY COMPRESSIVE STRENGTH. 


several fractures obtained. Fig. 6 shows the same for the laboratory 


experiment, 


A summary of compressive strengths, percentages of increases or de- 
creases and average percentages of increase as compared with those with- 


out lime are given in Table 2. 
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Effect of Hydrated Lime on 28-Day Strength.—Fig. 7 is compiled from 
the average results tabulated in Table 2. The curve on this plate is the 
average of all tests and mixes for each variation of hydrated lime. The 
points of average for each mix are also identified. 


PLATE NO.3 
( See Table No.3 for data) 
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EQUIVALENT HYDRATED LIME BY WEIGHT OF CEMENT 


FIG. 8.—EFFECT OF LIME ON COMPRESSIVE STRENGTH AFTER 28 DAYS. 


It is apparent that the strength, due to the addition of hydrated lime, 
increases with considerable uniformity up to 40 per cent. It is also evi- 
dent that the leaner the mix, the greater is the advantage obtained by the 
use of hydrated lime. This last bears out the indications given in Bulletin 
8 of the Lewis Institute. From these results it appears that up to 40 per 
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cent hydrated lime gives an increase in strength of approximately one per 
cent for each pound of lime added per sack of cement. 

Effect of Lime Putty on 28-Day Strength.—Fig. 7 also shows a curve 
for the average of all tests and mixes with the variations of lime putty 
content. 

Attention is invited to the fact that two investigations showed ex- 
tremely high increases in strength when lime putty was used, while one 
plant test did not show as much advantage until the tests at the age 
of 3 months. The reason for this delayed gain in strength is not clear. 
Considering that the increased strength due to the use of putty was 
very great, even though in one case it was not attained within the time 
limit, it is felt that further investigation will develop material advantages 














FIG. 9.—CONTAINERS FOR IMPOUNDING TESTS. 


in its use. It was observed that specimens made with lime putty could 
have been handled to storage much sooner than otherwise. However, this 
can only be proved by a plant test. Aged lime putty gives considerable 
increase in strength; and much quicker set than equivalent amounts of 
hydrate. 

Strength Increased with Time.—Retrogression or decrease in strength 
is a very serious and but rarely encountered condition in the concrete in- 
dustry. This investigation would be incomplete unless it was definitely 
determined whether or not the addition of lime to concrete products had a 
weakening effect over a period of time. 

With this in mind, blocks were cast in Test No. 2 for crushing at 
various ages from one month to two years, with extras so that the five- 
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year breaks could be made if deemed necessary. The results are now avail- 
able for the 28-day, 3- and 6-month tests as shown in Table 3. In some 
eases the 3-month strengths are somewhat below those at 28 days. As this 


PLATE NO. 4 
1242 (See Table No.4 for data) 
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EQUIVALENT HYDRATED LIME BY WEIGHT OF CEMENT 
FIG. 10.—EFFECT OF LIME ON ABSORPTION. 


occurs both in blocks with and without lime and is generally corrected at 
6 months, it is believed that this condition is due to experimental error 
and uncontrolled conditions of manufacture. 

The percentages of increase from 1 to 6 months are shown on Fig. 8. 
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It is evident that there is no retrogression. All percentages of lime show 
increase in strength from 28 days to 6 months of age. 

Absorption by Immersion.—The standard absorption test, immersion 
for 24 hours, is perhaps intended to be a measure of the durability of a 
product. The amount of water absorbed will certainly affect durability 
under freezing conditions. 

Absorption tests by this standard method were made and the results 


PLATE NO. 5. 
(See Table No.4 for data) 
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FIG. 11.—EFFECT OF LIME ON DAMPNESS PENETRATION. 


are reported in Table 4. The results confirm previous work and the average 
increase with lime is shown on Fig. 10. Absorption determined by stand- 
ard immersion method is increased by the use of lime but remains well 
inside the specified limit. 


IMPOUNDING WATER ON ONE FACE. 


In considering the standard method of establishing absorption by 
immersing the specimen a certain length of time and determining the per 
cent of absorbed water by weight, it seemed that some pertinent facts were 
not obtainable. Water seldom comes in contact with. more than one face 
of a water-tight block in actual practice. A reasonable method of test 
that more nearly simulated this condition would be interesting. Such a 
test should permit the study of absorption, penetration of moisture and 
permeability, all of which are important. By means of a container bolted 
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to the specimen as shown in Fig. 9 it was possible to impound 12 in. of 
water on the face of a concrete block. A sponge rubber gasket makes the 
connection tight. 

Five blocks of each of the 33 variables or 165 specimens made in the 
plant run at Cedar Rapids were tested in this manner. 

Absorption on One Face.—The results obtained are shown in Table No. 
4 and this information platted in Fig. 10 indicates that the total absorp- 
tion into the exposed face is not increased by the use of lime. 

Penetration of Dampness.—The depth to which dampness penetrates a 
specimen can be easily observed when the water is applied to one face only. 
In Fig. 9 Mr. Robertson, of the laboratory, is seen indicating the lines he 
has drawn at the maximum depth of moisture. In this photo the lime con- 
tent of the blocks increases from left to right and the effect of the lime is 
very evident. The depth of dampness penetration is decreased as the lime 
content is increased. (See Table 4 and Fig. 11.) 

Permeability—The question of permeability is not touched in the 
standard absorption tests but in this impounding test the water flowing 
through a specimen can be both seen and measured. In the series thus 
tested, 60 per cent of the units without lime were found to permit a 
measurable flow of water. The addition of 10 per cent of lime resulted in 
90 per cent imperviousness. Out of 120 units tested, containing 20 per 
cent or more of lime, only one leak was found. Permeability is apparently 
eliminated by 20 per cent or more of lime. 

Economics of Lime in Concrete Products.—Any final discussion of the 
economics of this question is probably premature at this point in the in- 
vestigation. The outstanding facts are that lime increases the strength 
of a product and improves other desirable properties. Increased strength 
can be utilized by obtaining a greater number of units per sack of cement 
when lime is used. These lime-cement units have certain advantages of 
appearance and water tightness that make for greater marketability. 

Further plant tests will be necessary in order to determine the relation 
of the cost of the lime to the value of the advantages arising from its use. 
However, several cuncrete product plants have started using lime as this. 
investigation has been developing. 











DISCUSSION, 


THomas W. Nosp_te—A number of factors’ impress themselves on me Mr. Noble. 


from a study of this talk. No mention was made in the paper as to the 
type of aggregate used in these tests. No mention was made of one other 
factor; namely, whether a single brand, new brand or blended cement were 
used. | believe if more definite conclusions as to the advantage or disad 
vantage of lime are drawn that both those factors should be given weighty 
consideration. 

It just so happens that in the past few months, my company has done 
a little experimenting along these lines. We were attacking it from a 
little different angle, in that we were interested in getting a greater machin- 
ability from our concrete. We had used hydrated Ifme and agricultural 
limestone; by that | mean limestone which is merely pulverized so that it 
will go through a 100-mesh screen. The results were not uniform in ail 
cases; they followed in general the relation this shows, of little advantage 
in the rich mixtures and considerable advantage in the leaner and harsher 
mixtures. 

The cement which we tried showed that the use of both materials 
Was apparently advantageous, particularly in the case of the lean mixtures. 
On a fourth, quite the reverse was true. If the use of lime is merely a 
mechanical aid to compacting under various methods that we use in dry 
tamp concrete mixtures, it would seem to me that other materials should 
be investigated very thoroughly. 

Undoubtedly a great many of the concrete block manufacturers have 
had the experience of using limestone screenings and getting a whole lot 
harder block. I know of some cases where the extreme ranges are greater 
than were shown in this paper. The difference between a river aggregate 
and a pit aggregate where a certain percentage of silt is present, is often 
apparent. 

From the point of economy, | hope that some of the members of this 
organization will carry these investigations further, because I believe that 
cheaper materials than lime will accomplish the same result. 

Mr. CunntcK—My work at the laboratory carries me into various 
fields. Among those is the work on steel. As everybody knows the uni- 
formity of steel is very good. It is very difficult, even when working with 
so uniform a material as steel, to get your curves to all check out as you 
would wish, so it seems to me that our curves of yesterday and day before, 
the jig saw curves obtained, while they are interesting and of value, do 
not present as nice a picture as the curve which is properly averaged. 

The averages on these specimens were taken to give averages as we 
might find them in the fields today. If you go into a man’s product plant, 


vou will find conditions in many cases rather deplorable. He is turning 
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out a block which perhaps fills the specification but the conditions he has 
do not always give him accurate measurements and as these test specimens 
were made in plants actually selling their product, I think we can attach 
more value to them than we could if the investigation had been carried 
out entirely in the laboratory, where we have laboratory conditions and 
know the control is better. 

As far as improving the appearance, it is true that marble and the 
whiter materials will make a whiter block, but is the small manufacturer 
going to import such materials if they are not at hand to improve his 
block, if he can get some other substance and perhaps a cheaper substance ? 

The use of lime if added, I have been told, improves the color in the 
artificial stone up to 5 per cent. The gentleman who advises me of this 
fact has not carried it further, but by doing that has improved the color of 
his product. As the gentleman said, these are not conclusions by any 
means; it takes a great deal of work to bring out anything definite along 
such a line. This perhaps is just scratching the surface, but it is a 
surface well worth digging into. 

Henry J. Howre-—-I have been interested recently in this matter of 
admixtures and replacement of the material in cement and concrete. In 
going over the tests made during such investigations, I have noted that 
all this fine material is treated either as an admixture or as a replacement 
material for cement. It seems to me that particularly in the case of 
ground limestone and other’ mixtures, it would be more logical to treat it 
as a part of the fine aggregate, particularly when the fineness modulus 
theory is used. 

A. B. Suenk—In Table 5, where is shown a tabulation of results on 
20 Ibs. of lime to the sack of cement, what is the effect of different methods 
of curing’ Where you compare steam curing supplemented by different 
types of storage after steaming, such as sprinkling tor a given length of 
time or subjecting to natural storage only, with the result you obtain, not 
using any steam curing to start with, but resorting only to the usual 
method of sprinkling and moist storage, the natural method shows con 
siderably higher strength in all cases. Is that due only to the fact that 
lime is used as an admixture or would that tend to indicate that the 
manufacturer who is manufacturing a special product where extremely 
compressive strengths are desired, should stay away from any steam curing 
to start with, and, where possible at all by his processes, to adhere rigidly 
to the natural water curing? 

Mr. Cunnick—It is impossible to make such a statement that you 
could stay away from your steam curing at this time. We thought it 
rather interesting to go into the curing end and find out which might give 
us the best result. The experiment was carried out during the month of 
August, a rather warm month, and we have naturally a warmer tempera 
ture than the normal. I am not in a position to answer the question as 
to whether you can stay away from steam curing. 











SoutH WATER STREET IMPROVEMENT. 
By T. A. Evans.” 


Relation to Chicago Plan.—-The South Water Street Improvement 
which, on completion, will be known as “Wacker Drive,” is a major link 
in the Chicago Plan, being the fourth side of the so-called “Inner Quad- 
rangle,” of which Michigan Ave., Roosevelt Road and Canal St. form the 
other three sides. These last-mentioned streets have recently been improved 
or are now being improved and the South Water Street Improvement 
therefore becomes the connecting link in the quadrangle. 

General Description.—The improvement extends from Madison St. 
along North Market St. to Lake St. and from there along South Water 
St. and River St. to Michigan Ave. In the block between Randolph and 
Lake St. the single level street separates into two levels, which extend to 
and connect with Michigan Ave. which is also of the “double deck” type. 

The north-south streets that intersect the improvement will be raised 
so as to connect with the upper level, while a new street—Federal St.— 
will give access to the lower level from Lake St. Plans are also under way 
for widening Garland Court and for opening two new streets, Holden Court 
and Fork Ave., which would likewise give access to the lower level from 
Lake St. In addition, the two levels will be connected by means of two 
ramps, one between Lake and Franklin Sts. and one between Wabash Ave. 
and Michigan Ave. 

The width of the upper level is 114 ft., except where it widens out into 
a broad plaza or square between State St. and Wabash Ave. 

The lower level is 135 ft. wide and provides three traffic lanes for 
east-going traffic and three traffic lanes for west-going traffic in addition 
to ample space for backing up to the loading platforms along the buildings 
on the south side of the street. Owing to the absence of cross traffic, the 
capacity of the lower level will exceed that of any other street in Chicago. 

A concrete dock wall resting on piles extends from Michigan Ave. to 
Lake St. The river front presents a series of arches which give light and 
air to the lower level while the edge of the viaduct is marked by a Bedford 
stone cornice and balustrade which, at the end of each block, adjacent to 
the bridges, are supplemented by a more elaborate architectural treatment 
of the structure involving stair cases, stone pylons and stone seats. 

The improvement will be lighted by means of cluster lights on the 
upper level (similar to those on Michigan Ave.) and by means of recessed 
lights on the lower level so arranged that they illuminate the street ahead 
although being invisible to the driver. 


*Engineer of Design, Chicago Board of Local Improvements. 
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Benefit to Traffic—The improvement will benefit traffic in two ways: 
First, it wilt by-pass a large amount of traflic between the north and west 
sides and thus keep out of the loop district a considerable percentage of 
the traffic which now enters this congested area for no other purpose than 
to get out again; and second, it will serve as a series of grade separations, 
separating the north-south traffic on State St., Dearborn St., Clark St. 
LaSalle St., etc., from the heavy east-west traflic between the Illinois Cen 
tral and Michigan Central freight yards on the east and the west side 
terminal district. 

Benefit to Property.—Property values on South Water St. have already 
greatly increased because of the improvement and it is expected that this 
increase will parallel that experienced along the Michigan Ave. Improve 
ment, thus justifying the claim made by the city during the long drawn 
out litigation which preceded the construction period and which, at times, 
came near to putting a stop to the entire improvement. Many new build 
ings have been planned for property adjacent to the improvement and one 
of these, the Jewelers’ Building at Wabash Ave., is now under construction. 
The Illinois Central development east of Michigan Ave. and the Agricul- 
tural Mart planned on the site of the old C. & N. W. Ry. station are also 
intimately connected with the new development of South Water St. 

Benefit to the City.—Apart from the direct benefit to traffic and to 
the owners of adjacent property, the South Water St. Improvement will 
be a valuable asset to the city, in that it provides a broad and beautiful 
thoroughfare which will undoubtedly become a popular promenade in years 
to come. 

Construction.—Prior to the commencement of field operations a com 
plete construction program was prepared which provided for the completion 
of the work by November, 1926. Ground was broken on Nov. 10, 1924. 
and, at the present time, we are ahead of schedule. With summer before 
us we should have no difficulty in completing the work ahead of schedule, 
barring unforeseen circumstances. 

We consider this a remarkable record of construction in a congested 
district such as this, and'it was made possible only through the successful 
efforts of the city administration to provide the required funds as and 
when necessary, and through the active co-operation of the various depart 
ments. 

At the present date the structural contracts have been let along with 
several others for street lighting, stone work, etc. Only three minor con- 
tracts remain and these will be let shortly. 

Construction has been carried on continuously from the date it was 
begun, maintaining practically the same speed during the winter months 
as in summer. 

The average number of men employed has been approximately 700 
daily. The work was divided in sections, each section consisting generally 
of one block and work has been going on almost continuously in five or six 
such sections at a time without seriously interfering with traffic. 
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There has been no interruption to clevated railroad and street car 
traffic and every effort has been made to facilitate access to such buildings, 
within the area of the improvement, as are occupied, and the almost total 
absence of complaints shows that we have been successful in our attempt 
at co-operating with the property owners and that the property owners 
realize that the hardships and inconvenience to which they now are put will 
be amply offset by the benefits which they will derive from the finished 
improvement. 

Cost.—The improvement involves 300,000 cu. yd. of excavation, 120,000 
cu. yd. of concrete, 9,200 tons of steel, 135,000 sq. yd. of pavement and 
100,000 lin. ft. of piling. 

At the start of the work the estimated cost was in the neighborhood 
of $24,000,000, of which $14,000,000 was for land and $8,727,000 for con- 
struction. At the present time the estimated cost of construction is 
$8,000,000. The construction contracts let total $6,751,026.42 and the 
work completed amounts to $4,714,104.91. It is a credit to all concerned 
that the work will be completed on schedule and at a saving of about 
$500,000. 

Design.—The principal structural feature of the South Water St. 
Improvement is a reinforced-concrete flat slab viaduct, 114 ft. wide and 
about three-fourths of a mile long, with columns spaced 32 ft. 6 in, on 
centers. The average thickness of the slab is 17 in. The column spacing 
was fixed at 32 ft. 6 in. in order to provide the necessary number of traffic 
lanes on the lower level and so as to avoid the slowing down of the traffic 
which is bound to follow where columns or other obstructions hem in the 
driver. On the lower level of the Wacker Drive Improvement the driver 
has the feeling of the “Open Road” both day and night. The viaduct is 
probably the largest structure of this type of construction, and is remark- 
able also on account of the many large irregular panels which were neces- 
sary at curves and bends in the lower level traffic lanes. The columns rest 
on concrete caissons or cylindrical piers generally 4 ft. 3 in. in diameter, 
which are carried to hardpan between 65 ft. and 85 ft. below city datum. 

Where it was impossible to place the piers directly under the columns, 
owing to the present freight tunnels and the proposed passenger subways, 
at street intersections—State, Clark, Dearborn, LaSalle, Wells and Lake 
Sts., the column loads are carried into the cylindrical piers by means of 
large reinforced-concrete foundation girders, some of which are 5 ft. wide, 
12 ft. deep and 70 ft. long. 

Transverse expansion joints are spaced about 120 ft. apart, adjacent 
portions of the structure being completely separated above the top of the 
cylindrical piers and foundation girders. The upper level roadway slab is 
waterproofed by a three-ply membrane waterproofing. 

The design specifications used were the standard city of Chicago speci 
fications with such modifications as the magnitude and the unusual char- 
acter of the work demanded. Most of the stresses were checked by the 


slope deflection method. The reinforcing steel used was deformed bars of 
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the intermediate grade, and the design was based on an allowable unit 
stress of 16,000 lb. per square inch in the steel. The allowable unit stresses 
in the concrete were: 40 lb. per square inch for shear, 80 lb. per square 
inch for bond and 750 lb. per square inch for bending, which are the usual 
stresses for so-called 2,000-lb. concrete. 

However, from actual tests we know that the concrete is good for 
3,400 Ib. per square inch and that the steel is good for 22,000 lb. per square 
inch or more, and the actual strength of the structure, as built, is there- 
fore considerably in excess of the strength required for the loads which 
it is to carry. 

This excess strength amounts to 38 per cent which—since the dead 
load remains constant—means that the structure would carry twice the 
live load for which it is designed—or 48-ton trucks instead of 24-ton 
trucks—and still be within the usual factor of safety. 

Concrete Specifications.—From an engineering standpoint the improve 
ment is primarily a big, outdoor, reinforced-concrete job and, although 
many branches of engineering were involved, it was the concrete construc 
tion that made the greatest demand on the time and effort of our engineers 
We were determined to build both for strength and permanence, and, in 
view of the many failures, or near failures that have occurred in recent 
years in stadiums and other similar structures, we realized from the begin 
ning that we could not reach our objective without the closest co-operation 
between our office and field engineers and without never ceasing vigilance. 

Our concrete specifications in general are based on the Joint Commit- 
tee’s standard specifications. The specifications call for carefully graded 
stone for coarse aggregate and, to begin with, we had the greatest difficulty 
in finding a suitable material in the Chicago market, due, it would seem, 
to the fact that engineers generally do not insist on the proper grading of 
the coarse aggregate although it is well recognized that this is an impor 
tant strength factor. 

Only one kind of cement was used in order to maintain uniformity. 
The specifications call for cement meeting with the A. 8S. T. M. specifications 
with the additional requirement that the strength at 28 days shall be at 
least 20 per cent greater than at 7 days. 

The concrete mixture for the most part is 1: 2: 4 with 7 gal. of water 
per sack of cement, but the contractor was at liberty to increase the 
amount of sand as much as 30 per cent if such increase in the fine aggre 
gate were balanced by an equal reduction in the coarse aggregate. The 
contractor also was permitted to increase the water content of any mix 
so long as the water-cement ratio remained constant. 

The use of the inundator was specified, the purpose of which is to 
eliminate any uncertainty as to the moisture content of the sand. The 
time of mixing was specified as 144 minutes from the time that the last 
material goes into the mixer to the time the first comes out. 

The consistency of the concrete was governed by the requirement that 
the slump was to he between 3 and 4 inches, except in special cases, 
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The specifications contain very minute instructions as to the pro- 
cedure to be followed when concreting in cold weather. Thus—for 1: 2: 4 
concrete, the amount of cement per cu. yd. was to be increased from 6 to 9 
sacks; the mixing water was to be reduced from 7 to 5.8 gal. and the time 
of mixing was to be increased from 114% min. to 2 min. for all concrete 
to be placed during the months of December, January and February, a slid 
ing scale being provided for concrete placed during October, November, 
March and April. 

Provision was also made for heating the concrete materials and for 
preventing the fresh concrete from freezing when the temperature was below 
freezing. 

The specifications provide that concrete may be conveyed to a hopper 
on the form work by chuting, but the final disposition of the concrete in 
the forms shall be from concrete carts. 

One of the problems met at Lake and Market Sts. is the maintenance 
of street car and elevated traflic. We had to excavate and remove the 
foundations for the elevated columns at’ the samé time shoring them up 
and maintaining the traffic on the structure across the bridge. The elevated 
columns for the new location extend about 3 ft. above the present road 
way. The old columns are naturally in the way of traffic on both the 
upper and the lower levels, and they are quite a serious menace to traffic, 
but we have no alternative but to leave them there. 

On the northwest corner of Lake and Market Sts. there is a large 
shaft extending up about as high as the ceiling, covered on the outside 
with Bedford stone. That is the exhaust duct for the ventilation system 
for the lower level. The machinery house is on the lower level at the 
northwest corner of Lake and Market Sts., and extends from half a block 
east of Franklin St. to and including the ramp down south of Lake St. 
The machinery will provide a complete change of air every seven minutes. 
The ventilation duct from Franklin and Lake Sts. is below the lower level 
roadway. Small concrete pilasters, with metal tops, are provided back of 
the columns adjacent to the building for exhaust air to go in. The venti 
lation ducts are in all cases on the side opposite the river front. This is 
done in order to allow the fresh air to come from the river underneath 
the arches and through the structure, carrying out the foul air through 
the sand and then to be shot up into the atmosphere, because carbon mon 
oxide has almost exactly the same weight as nitrogen and does not go up 
or down unless some form of propulsion is used. 

The Bedford stone between Lake and Franklin Sts. is nearly all in posi 
tion. The ramp on the river front connecting the lower level of Franklin 
St. with the upper level is faced with Bedford stone, and underneath the 

south end of the ramp there is a small area that has about 10 to 12 ft. 
headroom. This was made double decked to provide access from the part 
on the east side of the street to the dock. 

The columns are all octagonal in form, 34 in. outside diameter. There 
are a few of them that are 42 in., octagonal in form, At the top of the 
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column are two small moldings and where the column capital joins the 
drop panel there is another invert molding. These moldings are put on 
because we pour the column shaft to the column cap and let that stand 24 
hours and then pour the slab, when the slab is ready. Certain shrinkages 
occur and these moldings are placed there to cover these shrinkages. Hub 
guards are around the coiumns extending up 6 ft. 3 in. above the lowe: 
level roadway. ‘They are placed at that height because an unloaded truck, 
due to spring action, is considerably higher than a loaded one, and we try 
to arrange the columns in such a way as to prevent the trucks from 
knocking off chunks of concrete on the octagonal corners. 

On the lower level at Franklin St. we omitted a column from the traffic 
lanes and by an ingenious design of beams created what we consider a 
very fine traffic intersection. The beams in one direction are all parallel, 
while the other beams of necessity are placed at various angles. 

The concrete at this point has been rubbed and will give a very good 
comparison of rubbed finish with the structure just east which has not been 
rubbed. At the northeast corner of Franklin St. is a small section of 
slab poured in December. This has received no treatment other than the 
removal of the form. The section just east of Franklin St. is typical of 
the South Water St. improvement. The improvement block by block is the 
same; you can take a block between Franklin and Wells and replace it 
between Wells and LaSalle, except that the blocks may vary a few feet in 
length. From State St. to Michigan Ave. it is all special. 

At Wells St. intersection, a lot of difficulty was encountered, in that 
we had to maintain street car traffic as well as elevated railroad traffic. 
The abutments for the elevated are still on the lower level and will have 
to remain there until the elevated railroad company makes the changes 
in the present structure. At LaSalle St. intersection you will see a large 
girder that has been excavated about 19 ft. The top of the girder is 9 ft 
below the ground. The bottom goes right through the old passenger tunnel! 
at LaSalle St. The girder is placed across the existing street car tunnel; 
in LaSalle St. it goes past and misses one abandoned water pipe tunnel 
one that carries a 36-in. water main and just misses the [linois tunnel 
system on the south. There are altogether six tunnels at the LaSalle St. 
intersection. 

On the east end, east of State St.. we have run across a good many 
difficulties. On account of the insufficient records available it is almost 
impossible to make an accurate estimate of the character and amount of the 
different material encountered. Special conditions also would increase the 


cost of labor in removing material and preparing the site. 


INSPECTION AND TESTS. 


General.—The size of the job and the desire to maintain a rigid system 
of inspection and control lave made it imperative that part of the field 


forces devote their entire time to the work of inspection and tests. This 
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work is carried out by a number of inspectors under the supervision and 
direction of the field testing engineer, who reports directly to the engineet 
in charge of field construction. A brief outline of the inspection and tests 
is as follows: 

Cement Tesis.—-\n general, cement bins having a capacity of 25,000 
bbl. are assigned for storage purposes for this project. Samples of the 
cement are taken from the conveyor belt at the time a bin is being filled, 
two duplicate composite samples being taken for every 200 bbl. loaded 
into a bin. The loaded bin is sealed by an inspector of the Board of Local 
Improvements and no cement is withdrawn until all 7 and 28 day tests 
on the samples are available. 

One set of the duplicate samples taken is tested at the laboratory of 
of the Board of Local Improvements and the other set by the testing divi 
sion of the Department of Public Works. 

Inspectors are stationed at the cement mill to break the seals on the 
bins, watch the loading of trucks, reseal the bins, and issue tickets of 
inspection to truck drivers. These inspection tickets are received by in 
spectors on the job and no cement is accepted unless accompanied by one 
of these tickets. 

Aggregates.—The quantity available is investigated so that an ade 
quate supply for the entire requirements of work ahead is assured in addi 
tion to the tests for impurities and sieve analysis. At the present date 
about eight different coarse aggregates and about five different fine aggre 
gates have been offered for test and of these the ones best fitted for the 
work have been chosen. 

Samples of aggregate are taken from time to time as delivered on the 
job for tests as to uniformity. 

Proportioning Agqregates.-Visis is the work of combining the selected 
aggregates in the most advantageous way under the specifications to pro 
duce a strong dense concrete. 

Samples of the selected aggregate for a given section of the work are 
sent to the laboratory for concrete tests. A sufficient number of batches 
are made to cover the range of proportions permissible under the specifi 
cations, and a 6x 12-in. evlinder made from each batch. 

Careful records of quantities of materials, slump, flow and yield of 
the batch are kept. The weight of the concrete cylinder is obtained im 
mediately after the form is removed. Specimens are cured in damp sand 
until the date of the test and are tested at 7 and 28 days. All data taken 
from the batches are considered and the mix which gives a high strength 
and a good density selected; provided that it is workable. 

Field Testing.-This work includes the sampling of freshly mixed 
concrete, the slump test for consistency, the making of 6x 12-in. test speci 
mens in a standard manner, the storing of the specimens and the test of 
the specimens under compression, 

The compressive strength of the field test specimen has been the 


determining factor in deciding the date at which the contractor was to be 
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allowed to strip forms and have been given careful consideration when 
traflic was to be opened over a section shortly after that section had been 
built. 

It is readily seen that a field test specimen which represents the actua! 
condition of the work. in the field is difficult to obtain. To core out a test 
specimen from the reinforced slab would have been impracticable. There 
fore it was decided that as close an approximation to actual conditions 
as was possible should be obtained. From April to November, 7-day and 
28-day specimens are cured in damp sand and duplicate 28-day specimens 
are stored 14 days in damp sand and 14 days in air. From November to 
March, specimens are placed on a platform under the slab in the heated 
area, and kept damp. Ten specimens are made from three different samples 
taken during an eight-hour period of concreting. Three are tested at seven 
days, two at fourteen days, one at twenty-one days, three at twenty-eight 
days, and one held for a test at a later date. 

In addition to these, eight cylinders per eight-hour. shift are made 
in paper molds, placed in a 2 x 4-ft. box on the upper surface of the freshly 
poured slab. As soon as they are made, they are completely surrounded 
with fresh concrete. The box is covered with hay and protected in a man 
ner similar to the slab. Specimens are easily removed from the box on the 
date of test by breaking away surrounding concrete with a bull-point and 
sledge. Thus eight specimens cured on the upper surface of the slab are 
available for test from each eight hour period, two cylinders each for 
seven, fourteen, twenty-one and twenty-eight days, respectively. 

Compression tests of the nine specimens cured under good conditions 
helow the slab give values which are believed to represent the best condition 
of the concrete in the field. Tests of the eight cylinders in the box on the 
surface of the slab give values which are believed to represent the worst 
conditions. 

Test specimens representing concrete in caissons, foundation girders, 
or other work placed below the ground level, are cured in damp sand in 
the field laboratory. 

Whenever possible, test cylinders are capped with neat cement after 
the initial set of the concrete. If not capped with neat cement, specimens 
are capped with plaster of paris before testing. 

Field Inspection and Control.—This consists of enforcing all the rules 
that lead to the best possible results, such as: water control, accurate meas- 
urement of materials, proper time of mixing, proper placing of reinforce 
ment and concrete and proper curing conditions. 

The stationary mixers on the job are equipped with a batcher for meas 
uring the stone and an inundator for measuring the sand. These devices 
are carefully calibrated and set to deliver the proper proportion of aggre 
gates as pre-determined by test. Where concrete is mixed in a portable 
mixer not equipped with batch measuring devices, two sample wheelbarrows, 
properly measured, one for sand and one for stone, are placed near the 
mixer in full view of the inspector and the men loading wheelbarrows. 
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In the latter case, the quantity of sand is increased to take care ot 
bulking, the amount of increase being based on laboratory tests. 

In placing substructure concrete, two inspectors are assigned to each 
mixer. One man remains at or near the mixer and receives cement inspec 
tion tickets, inspects the aggregates, checks the quantities of materials 
entering the mixer for each batch and is responsible for the proper time 
of mixing. The other inspector sees that the structure conforms to the 
drawings, inspects the quantity and placing of the steel, sees that the 
forms and reinforcing steel are clean, that the temperature and consistency 
of the concrete are acceptable, and supervises the placing of the concrete. 

In placing superstructure concrete in the slab, the work is so arranged 
that concrete is placed in a continuous operation from expansion joint to 
expansion joint. This means a 36 to 96-hour period of pouring and neces 
sitates dividing the inspection forces into three eight-hour shifts of six men 
each, One man is in charge of the inspection crew and his duties are to 
supervise the work of the men under him, see that the measuring devices 
are properly set, watch the temperature and consistency of the concrete 
and see that the forms are clean. One man inspects the placing of the 
reinforcement and two men inspect the placing and puddling or spading 
of the concrete. One man is stationed at the mixer to see that each batch 
ix mixed a full minute and a half and that the proper amount of cement 
is placed in each batch. One man takes samples of concrete, makes slump 
tests for consistency and molds concrete test specimens. 

Particular attention is paid to temperature of the concrete during 
the months of November to March inclusive. Each concrete inspector has 
a good grade thermometer, enclosed in a metal case, which can be carried 
in the pocket like a fountain pen. A thermometer is placed in the fresh 
concrete at intervals to make sure that the temperature of the concrete as 
delivered from the mixer is of the proper temperature. A record of the 
concrete in place in the work is obtained by frequent readings of a maxi 
mum and minimum thermometer or by a recording thermometer. 

It is the duty of the inspector in charge, or the field testing engineer, 
to see that the concrete is properly protected against drying out and that 
it is kept moist from seven to fourteen days depending on weather condi 
tions. In warm weather the surface of the viaduct slab or other horizontal 
surface is covered with about an inch of sand and kept moist for about 14 
days. Vertical surfaces are sprinkled twice a day or oftener. 

In winter weather, when salamander heat is applied, the surface of 
the concrete is covered with about a foot of hay which is kept moist and 
the under side of the forms is sprinkled occasionally. 

Structural and Reinforcing Steel—All metals required for the im 
provement, such as structural steel and reinforcing bars, are inspected at 
the place of manufacture by a representative of the Board of Local 
Improvements. 

Samples of reinforcing bars are obtained from time to time on the job 
hy eutting short lengths from bars selected at random from stock piles 
and check tension and bending tests are made. 
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Test Data.—The rigid system of inspection and control enforced on 
this project has been largely responsible for the fact that the concret: 
placed on this improvement has been of the highest quality. 

The average compressive strength of 1:6 mix concrete, specimens 
stored in damp sand between May | and Nov. 1, is 1,760 Ib. per square 
inch for 7 days and 3,300 Ib. per square inch for 28 days. The averag: 
compressive strength for 1: 5.14 mix concrete, specimens stored under con 
ditions approaching concrete in place on job between Oct. 1 and Feb. 1, is 
1.690 ib. per square inch for 7 days and 2,660 Ib. per square inch for 28 
days. 

References.-For a more detailed description of the improvement ret 
erence may be made to articles which have appeared in the technical pres- 
as follows: 

W. S. FB. Journal March, 1925. 
Engineering News-Record Oct. 15 and 22, 1925 


Concrete Sept., 1925, 


Contractors. The greater portion of the work has been let to the Mid 
Continent Construction Company, but important parts of the work hav: 
been carried out by the M. E. White Company, The Underground Construe 
tion Company and the Great Lakes Dredge & Dock Company, all ot 
Chicago. 

The Engineering Staff.—YThe planus were prepared and the work is being 
carried out under the supervision of T. A. Evans, Engineer of Design 
of the Bureau of Design with the following engineers as_ principal 


assistants: 


A. Engh, Assistant Engineer of Design, in general charge of office work 
G. F. Patrick, in general charge of field work. 

R. O. Benson, in charge of drafting room. 

G. Jeppesen, in charge of specifications and contracts. 

G. A. Brown, in charge of utilities. 

I. A. Howes and O. Ti. Taylor, in charge of accounts. 

A. R. Lord is consulting engineer on concrete construction, 


C. D. Hill is engineer of the board, 











ORNAMENTAL CONCRETE FLOOR SURFACINGS WITH ESPECIAL 
{EFERENCE TO ‘TERRAZZO. 
By H. S. Wricurt. 


While the literature of concrete contains innumerable data on the 
subject of concrete floor surfacings, material having to do with the more 
decorative types is especially noteworthy because of its comparative rarity. 
A quarter.of a century ago when ornamental concrete floors were just 
hbevinning to gain a foothold in the United States such a condition might 
have heen attributed to the natural conservatism of technical writers. 
Today, when concrete floors of one type or another are the rule rather 
than the exception in all manner of buildings, there is no valid reason why 
they should be any longer neglected in print. 

It is the writer’s hope that the following skeleton notes on the subject 
of ornamental concrete floor surfaces will lead to other and more special 
ized papers on the individual varieties and in due course of time to the 
preparation of standards which will help to correct the errors of omission 
and commission that still occur in the building of these surfaces, 

The term decorative concrete floor surfacings is somewhat ambiguous 
without specific qualification. In this paper such surfaces will be con 
sidered to include only the varieties of concrete floor surface which are 
commonly used in non-industrial types of buildings. A single exception 
will be found in a description of the processes of construction of terrazzo 
floors in industrial plants since the methods used are independent of the 
occupancy and may be applied to the construction of terrazzo floors in any 
class of building. The four clasoes of surface which qualify under these 
restrictions are the unit tile, granolithic with integral color, terrazzo and 
surfaces stained with chemical penetrants. Each of these general classes 
constitutes a separate group of similar surfaces in which the processes 
of construction are essentially identical although the constituent materials 
and refinements of manipulation may vary over a wide range. Except for 
the tile surfaces, all may be built either monolithically with the base or as 
a separate topping course laid after the supporting slab has hardened. 
All of them, in order to achieve a maximum of successful performance, re 
quire an intelligent selection of aggregates and admixtures, a firm unyield 
ing support and meticulous adherence to the principles which govern the 
making of good concrete, especially curing. These principles are well 
covered in existing Institute floor standards and need no repetition here. 

Tile Surfaces. —Tile surfaces are probably the ancestors of all modern 
concrete floors. Their original fabrication in concrete is somewhat obscure 
hut it is reasonably certain that they were developed in Italy during the 


twelfth or thirteenth century as a means of overcoming the prevalent defects 
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of brittleness and lack of endurance in the earlier forms of ceramic 
surfaces. Today many of our concrete floor tiles are made by Spanish and 
Italian artizans whose skill and knowledge of processes is a heritage from 
uncounted generations of tile making ancestors. The individual tile are 
still molded in forms by hand, subjected to a hydraulic pressure of many 
tons, laid aside in racks for moist curing and finished on a rubbing bed 
or with a hand hone. When properly made such tile are extremely dense, 
hard and durable. 

Tile Varieties.—Two varieties of concrete tile are in common use in 
this country. These are the so-called Spanish tile and the terrazzo-mosaic 
tile, sometimes known as art marble. Spanish tile consist of a rather 
lean backing cast monolithically with a wearing surface of cement, coloring 
matter and sometimes sand, The terrazzo-mosaic tile are essentially a 
high-grade terrazzo made under pressure. ‘Tile are made in a variety of 
sizes and shapes, ranging from 4- to 12-in. squares, hexagons, rectangular 
pieces or half tile and diagonal halves. In the Spanish variety a profusion 
of color is used either in solid area, unit design or parts of design which 
require several tile to complete any particular pattern. Variations in the 
type, color and size of the aggregate used in the terrazzo tile provide a wide 
range of varying effects and a somewhat more limited possibility of pattern 
design. 

Abrasives such as carborundum or alundum are sometimes used in 
both varieties—-to provide greater security of footing although the natural 
tile surface of cement and aggregate or cement and colors is by no means 
slippery. Of the two varieties terrazzo mosaic tile seem to have the 
greater present popularity in this country although in Europe and Spanish 
merica the Spanish tile predominates. 

Some very beautiful and enduring floors of the latter tile are to be 
found in Mexico City in bank buildings, libraries, churches and similar 
structures, Terrazzo or art marble tile have shown a consistently good 
performance in many of the newer railroad stations, libraries, museums 
and office buildings in this countiy A notable example selected at ran 
dom from a large list of satisfactory installations is the Madison Street 
level of the Chicago & Northwestern RK. RB, station in Chicago. 

Method of Laying Tile.-Concrete tile may be laid over timber or con 
crete foundations with success, the more rigid base being preferable since 
it practically eliminates the tendency toward cracking through the tile 
surface which is especially noticeable when the tile are laid with broken 
joints. The customary procedure in setting tile is to lay a 2- to 2Y%-in 
base course of lean concrete or mortar of about 1:5 proportion over the 
foundation course, This base should be bonded to the foundation if por 
sible and struck off to a level at least the thickness of the tile plus Y%-in 
below the finished floor grade, A stiff brooming should be applied to the 
bane jist before the concrete ie set in order to provide a better bond for 
the bedding mortar which ix applied after the base has hardened but pret 


erably within twenty four hour before the tile are laid the lmne is 
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thoroughly washed by means of a strong hose stream and excess water 
removed leaving the base uniformly damp but not saturated. Tile are 
soaked for at least ten minutes in clean water and permitted to drain 
until the water just disappears from the surface. They should then be 
laid as rapidly as is consistent with good workmanship. Mortar used for 
setting or bedding the tile may consist of 14 parts of portland cement, 
% part of lime and 5 parts of clean, sharp well-graded sand. Excessively 
wet mortar is disastrous since it results in water pockets under the tile and 
makes the work of laying to true line and grade exceedingly dificult, Only 
sufficient mortar for thirty minutes’ use should be mixed at one batch and 
uniformity of mix and consistency is highly desirable. Strings or guides 
are stretched across the tloor at exact right angles to each other and tile 
are laid in a mortar bed starting from the middle of the room or area to 
he covered. Where tile are laid in a warm atmosphere only sufficient 
mortar for eight or ten tile should be spread in advance of the dctual 
laying. The width of joint used will depend to some extent upon the pres 
ence or absence of heavy wear. In places where wear is severe it is best 
to lay a hair line joint since any filler material commenly used is softer 
than the tile surface and when worn down by traffic may result in chip 
ping or fracture starting at the exposed corners or edges, 

After the tile are in place it is customary to permit them to set for 
several hours or until the operation of joint filling will not displace tile 
The joint filler usually consists of a neat cement grout of creamy consist 
ency which is brushed into the joints by means of a squeegee or soft 
broom, Workmen stand on boards laid over the tile as an additional pre 
vaution against displacement, Surplus grout is immediately rubbed off 
the floor using burlap or excelsior as a mop. After the grout has hard 
ened any remaining traces or stains may be removed by serubbing. — In 
certain forms of terrazzo tile great care is necessary in removing the su 
plus grout so that it will not bond with the aggregates on the surface 
Concrete tile floors are the equal in every respect of the better grade ot 
ceramic products, 

Integrally Colored Surfaces.Granolithic surfaces containing integral 
coloring matter are as a group the least expensive of the decorative floor 
surfaces, Two main practices of laying prevail. In the first the coloring 
mixed with cement or sand or both is dusted on the floor after the topping 
material and laid as in a two-course job. In the second the color either 
mixed with cement or sand or both is dusted on the finer after the topping 
is spread and is then given the customary heavy troweling, Occasionally 
in certain of the proprietary color compounds used for this purpose other 
chemical substances are added at the time of manufacture with the inten 
tion of hastening the hardening, increasing the early strengtha, hardening 
the finished surface or providing against the more common of the ills that 
usually result from a dusted on surface, toth of the foregoing integral 
color processes are subject to a number of shortcomings, the principal on 


being the difficulty of incorporating a sufficient amount of evenly distributed 
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coloring matter to produce a rich, permanent color without seriously im 
pairing the strength or wearing qualities of the floor surface. Some col 
oring materials which contain finely-divided metallic iron may eventually 
show rust streaks or spots especially when the floor is subjected to a proper 
amount of curing under damp sand or sawdust, 

A third method of obtaining an integral floor coloring has been devel 
oped recently. This process or method consists of a cement dye or colo 


which is soluble in water and which may or may not involve a chemical 

















riG. J. SATURATED CONDITION OF TERRAZZO FLOOR SURFACH 


DURING 
GRINDING OPERATIONS, 


reaction with the cement. In this process a predetermined amount of dry 


color is added to the mixing water and permitted to dissolve completely 
before the aggregate and cement are added. This process is so new that 
we do not have adequate data on the durability of floors in which it is 
used nor the effect that such coloring media have on the strength of the 
resulting concrete, For light service, 


however, such floors present inter 
esting possibilities. 


Before using any integral coloring material it is the 
part of wisdom to ascertain by actual test the effect of such colors .on the 
strength of the conerete and behavior in) contact 


with strong scrubbing 
materials. Most acids and many alkaline 


substances are enemies of in 


tegral colors, To guard against damage it is sometimes necessary to 
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treat integrally colored floors at frequent intervals, with wax or some other 
repellant or coating. 

Terrazzo Types.-—-No single type of ornamental concrete surface has 
so many good points to recommend its use as the so-called terrazzo-mosaic 
floor. The very processes of its construction tend to eliminate many of 
the ills to which other types of surface may fall heir, either through abuse 
or a broader latitude of manipulation, Color ranges and textural pattern 
design possibilities are practically limitless in this type of floor while its 
adaptability to all varieties of use from heavy industrial occupancy to 
the most elaborate of ornamental buildings is unsurpassed. By a proper 
manipulation of the kind and size of aggregates and materials and varia 
tions in the finishing processes terrazzo floors may be made highly wea: 
resistant or just adequate for ordinary needs, they may be slippery enough 
to meet the most exacting requirements for dancing or of the highest 
type of non-slip surfaces. The cost may be made to vary over a consider 
able range without sacrificing the essential requirements of service, and 
appearance, while except for such surfaces as contain highly processed 
forms of aggregates no patent royalty payments are involved in their 
construction. 

Terrazzo, Construction Methods.-Two general methods or techniques 
of laying terrazzo floors are recommended, The first utilizes the principle 
of an integral or after-bonded top course while in the seeond type, the 
terrazzo work is completely separated from the foundation course, or 
structural slab, The first method without question is the more desirable 
from the angle of dead-load, resistance to impact and economy, but it has 
its limitations, It should be used only over a foundation slab of such 
rigidity and strength that temperature changes or excessive deflection will 
not result in surface cracking in the terrazzo, This type of surface is 
successfully used on tloor slabs laid directly on the soil where adequate 
provision is made for sub-drainage or against unequal heaving due to frost 
and where contraction cracks have been guarded against by joints of proper 
design. It is also a satisfactory type over flat-slab or heavy beam-and 
slab construction in which sufficient negative reinforcement is used, The 
integral type permits the designer to utilize the topping course as a part 
of the effective slab depth in figuring design requirements, but it is ex 
tremely difficult to build to a true level and usually delays other structural 
operations to some extent, 

The after-bonded top eliminates difficulties due to delay but presents 
the much discussed problem of good bonding practice. It also is much 
easier to build to true level and to protect from damage caused by subse 
quent operations or weather. The after-bonded top introduces an extra 
dead-load of from 10 to 18 Ib. per sq. ft. in the design of the structure, 
depending upon the top thickness, 

Two notable examples of after-bonded terrazzo occur in’ industrial 
plants which have heen built within the past five years. One is located in 


the plant of the Hilliard and Merrill Co, at Swampscott, Mass., while 
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the other is in the Woodward-Tiernan plant, Tower Grove Ave., St. Louis. 
The former floors, which cover approximately 210,000 sq. ft. of heavy- 
duty factory space, were built after a carefully conducted series of wear 
resistance tests had shown the superior wearing qualities of the terrazzo 
type over other surfaces. A description of these floors occurs in a paper 
presented before the 1922 convention of the American Concrete Institute 
by William M. Bailey, whose firm constructed the building and floors. A 








FIG, 2.—-CONDITION OF TERRAZZO FLOOK SURFACE AFTER ROLLING AND TROWEL- 
LING. NOTE COMPARATIVE ROUGHNESS OF FINISH BEFORE GRINDING, 


somewhat more detailed description occurs in the Engineering News-Record 
of April 12, 1923, p. 600. 

Terrazzo. A Specific Job.—The recently completed Woodward-Tiernan 
floors were built in accordance with data obtained from a somewhat dil 
ferent series of accelerated wear tests conducted by the Fruin-Colnon Co., 
builder of the floors. The aggregates were supplied on a fineness modulus 
basis and tests of relative workability resulted in the adoption of a topping 
mix consisting of one volume of cement to 1.7 volumes of trap rock graded 
from chips which would all pass a 14-in. square mesh to a 98 per cent. re- 
tention on a 100-mesh sieve, the coarser particles predominating. A some- 
what leaner mix proved to be entirely satisfactory but was discarded 
arbitrarily because of mixer capacity limitations. 
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At the start of operations the foundation slab was roughened by pick- 
ing and washing but in the major portion of the more than 300,000 sq. ft. 
brooming alone before the foundation slab had hardened. The clean 
of surface covered it was found that a good bond could be obtained by stiff 
brooming alone before the foundation slab had hardened. The clean base 
slab was moistened and covered with a creamy grout just ahead of the 
laying of the topping. Grout was in all cases covered before it had stiff- 
ened. The topping material was mixed mechanically to a very dry consist- 


ency, spread and struck off to sereeds consisting of %-in. angle irons 





FIG. 3.—SETTING SCREEDS BEFORE APPLYING TOPPING MATERIAL. BASE 
SLAB READY FOR TERRAZZO FINISH. 


which had been previously leveled up. A dry mix of one part cement to 
144 parts of the trap rock was spread evenly over the surface and the 
entire floor given a lateral and longitudinal rolling with a light and a 
heavy iron roller. Rolling was followed by a single troweling with no 
attempt made to eliminate trowel marks. 

After seven days of moist curing the floors were given an initial grind- 
ing with rotary machines using No. 20 carborundum blocks and powdered 
emery, with a copious supply of water. Scum and wastage from the grind- 
ing was immediately removed from the floor by washing and all pinholes 
and imperfections thus exposed filled with a stiff paste of cement and 
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carborundum (1: 1 mix) rubbed in with a steel float and a rubbing ope: 
ation of the grinding machines. Wastage was again removed. The floors 
were permitted to set for several days and were then given a third 
grinding which left the surface in a very smooth and dense condition. 

in certain sections of the floors colored pebbles were added to the mix 
to produce a livelier color effect. The difference in shape of particle, how 
ever, necessitated a longer period of curing before the first grinding in order 
to avoid picking out of individual particles under the grinder. One hun 
dred and ten thousand square feet of floor was covered with a l-in. topping 
while the balance was % in. in thickness. While no attempt was made to 
produce a highly decorative surface, wear resistance being the paramount 
issue, these floors present a very slightly appearance. Slightly more 
aggregate exposure might be desirable in a more ornamental surface. 

Where terrazzo floors are used in buildings designed to carry light 
loads, the tendency has been to lay a topping course entirely separated 
from the foundation slab. Specifications prepared by several of the most 
successful terrazzo workers concur in the requirement that such floors be 
huilt in the following manner. On top of the foundation slab is placed 
a cushion of sand % in. in depth. This layer is entirely covered by a 
single ply of roofing paper which acts as an effective dam against bond 
hetween the base and foundation courses. On the paper is spread a 2-in. 
layer of concrete or mortar mixed fairly dry. A concrete mix of one 
volume of cement, two volumes of sand and four volumes of gravel on 


stone graded up to \% in. is preferable to the 1: 4 mortar sometimes used 
This base course is screeded off to a uniform level % in. below the finished 
floor grade and allowed to stiffen. A %-in. wearing course of a mix of 
one volume of cement to two volumes of well-graded stone chips is spread 
upon the base struck off level and given a heavy rolling followed by a 
single troweling. This topping material must be of extreme uniformity 
to obtain the most even texture. Grinding and finishing methods are 
similar to those described in the previous paragraph, except that wher 
a polish is desired the floor may be given the third finishing with th: 
grinding machines used as a buffer. : 

Terrazzo, Dividing Strips.—In the earlier examples of terrazzo floors, 
neglect to make provision for flexibility in certain types of floors was 
the cause of a great deal of unsightly cracking. To overcome the diffi 
culty recourse was had to dividing the floor area into numerous small 
areas separated by metal strips. While these division strips do not com 
pletely eliminate random cracking they have proven to be so successful 
that they are now supplied commercially and used in all separate top 
jobs of the better class. These strips add about 20 per cent to the floor 
costs. The strips usually consist of 20-gage brass although copper and 
zine. are sometimes used. They are set in the base course completels 
dividing both the base and wearing surface along the desired lines or 
pattern borders, Strips should be provided at borders, mat sinkages, and 


aromad large pattern areas. They are especially desirable over beams and 
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at intervals‘of not more than 10 ft. both ways in large field areas. Being 
of a medium soft metal they readily grind down with the floor and are 
not dangerous to traffic. 

Marble chips are the customary form of aggregate used in terrazzo 
work but other forms of mineral substances are entirely practical and 
permit of greater latitude in wear resistance and color effect. Combina 
tions of different materials often result in pleasing and unusual effects. 
Alundum or carborundum in addition to varying the texture and color 
add appreciably to the security of footing. White cement is sometimes 
used instead of the darker variety to accentuate certain colors or to 
produce white surfaces, while mineral colors mixed with the cement in 
safe proportions further broaden the possibilities of terrazzo 

Ntained NSurfaces.—The field of good concrete floors of the stained 
variety is limited by the difficulty of obtaining staining materials which 
will successfully resist the attack of cleaning preparations, wear, the 
ordinary foreign substances to which floors fall heir and the action of the 
chemical salts in the concrete itself. A further limitation is the relative 
difficulty of getting such materials to penetrate to a sufficient depth in a 
well-made concrete surface. Floor paints do not come under this classifi 
cation since they are merely a superficial application and do not become 
an integral part of the finished surface. Many types of oils have been 
used experimentally and practically mostly with indifferent and temporary 
success or entire failure. Such treatments have a very limited range of 
coloring value and many have proved actually injurious to the floor itself 
by causing the formation of destructive chemical compounds, 

A very interesting staining process which gives promise of having a 
high degree of successful use has been evolved recently in this country 
In this process advantage is taken of the fact that certain chemical com 
pounds combine with the lime salts in conerete to form highly colored 
crystalline materials that do not readily break down under the action of 
cleaning materials or wear. Before applying these chemicals the finished 
floor surfaces is treated with hydrochloric acid to remove the surface skin 
of cement or any laitance that may be present after which the chemicals 
are applied in successive treatments by means of a chisel-edge paint 
brush. Varying color effects and shades are obtained by variation in the 


chemical itself and by stopping the process at different stages of chemical 


action. As many as seven applications are sometimes required in order 
to obtain certain color effects. This process may be applied to either old 
or new floors. A fundamental requirement however is that the surface 


shall not be stained by oils, grease, lime spots or other dyes and that 
no admixtures be present in the concrete. It is also desirable to apply 
the process only after a floor is at least thirty days old or until the 
hydration of the cement is virtually completed. The essential require 
ment for success in a treatment of this type is a good concrete floor to 
begin with. 

' . 


Conclusion.— Ornamental conerete floor surfacings are a logical devel 
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opment of a civilization in which economy of cost and the utmost in utility 
must be attained without the sacrifice of appearance and safety to human 
life. In order that concrete in this form shall continue to serve humanity 
in an ever-broadening field it is incumbent upon builders and designers of 
floors to give of their ideas and experiences for only in this way is it 
possible to achieve the best in practical results. It is largely through 
recognition of this community of interest that cement itself has become 
so dominant and useful a factor in American building practice. 








EFFICIENCY IN THE SUPERVISION OF THE CONSTRUCTION OF 
CONCRETE ROAD SURFACING. 


By J. L. Harrison.* 





The U. S. Bureau of Public Roads subjected a number of | 
concrete road construction jobs to detailed analysis in order 
to ascertain what causes prevented consistent production at a | 
rate theoretically possible, and to discover if these causes of 
delay were avoidable. The analysis embodied answers to the 
following questions: What is full production? What causes 
interfere with it? and, Are they avoidable? Stopwatch studies 
were made on all minute operations in materials handling and 
mixing and placing of concrete. As a result of these studies 
better synchronization of operations was possible, with a ma- 
terial increase in hourly and daily production, and the attain- 
ment of a better average. The whole story is told inthis paper | 
by Mr. Harrison, highway engineer of the U. S. Bureau of | 
Public Roads. 














The construction of concrete roads is, in all essential particulars, a 
manufacturing enterprise. As do those enterprises more commonly thought 
of under that heading, it involves the use of machinery and labor in the 
conversion of raw materials into a finished product, It is, then, a compli 
cated operation covering a number of fields, and a comprehensive study of 
efficiency will naturally cover all of these. Thus, in the first place, there 
is the matter of efficiency in the field of management, that is, efficiency in 
the conduct of the business transactions which are involved in any paving 
enterprise. In this field are such matters as buying, selling, which here 
would be more commonly termed bidding, for in highway work sales com- 
monly are made on this basis rather than under the practices that govern 
other sales transactions, hiring men, purchasing equipment, etc. 

Another of the major fields that must be covered in a thorough analysis 
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of construction efficiency is the equipment field. All of the many kinds of 
equipment which may be obtained to perform a specific class of work are 
not of equal merit. Some do better work than others. Some do the re 
quired work with less power than others or require, incident to their 
proper operation, less labor. One machine may have a high rate of depreci 
ation while another has a relatively low rate. These are merely a few of 
the angles from which equipment must be studied and the results subjected 
to economic analysis before even a fair approach to full efficiency can be 
had here. 

A third field is the labor field. It is not necessary to more than men- 
tion this, for so much has been written on the question of motion studies 
that many engineers have been turned away from work in the field of 
efficiency because of prejudices which have been aroused by the extravagant 
claims made as to how the application of such studies can increase the 
output of the laborer. In spite of the popular feeling of doubt as to the 
value of such studies the speaker is thoroughly convinced that they have 
value and that, within reasonable limits, they may be used to advantage. 
Perhaps other fields could be properly enumerated as part of the general 
subject of efficiency in construction work but as this would be merely to 
add to the list that have not yet been subjected to exhaustive analysis in 
connection with the study, which the Bureau of Public Roads is making, of 
the elements of cost in construction work, it may be well to turn to the 
one other conspicuous field in which efficiency is required—the field of 
superintendency. 

It is a little difficult to define superintendency. Here clarity rather 
than conciseness is desirable, so it will be defined by description, and to 
that end, attention will be drawn to the general nature of a concrete paving 
operation. It is not, in reality, a single operation. Rather it is, in fact, 
a series of related operations. One gang prepares subgrade, Another gang 
sets forms. The trucks deliver material. The mixer mixes it. Another 
crew finishes it, etc. These operations must be kept in harmonious relation 
with each other. They must, in short, be synchronized. It is not possible 
to mix concrete today and finish it next week. The material for next week’s 
run cannot be delivered at the mixer today. The process is, and must be, 
one of continuous balanced production in all departments. But making it 
this and keeping it this is one part of superintendency. However, syn 
chrorization is not the whole of superintendency. Another part is the 
maintenance of proper rates of production. The mixer (under a specifica 
tion requiring a one-minute mix) should produce 48 batches an hour. 
Superintendency carries the responsibility for eliminating any human or 
mechanical inadequacy that prevents the attainment of this production. 
Finally, superintendency carries responsibility for the elimination of use 
less effort. Thus approached, superintendency may be viewed as respon- 
sibility for synchronized effort, for the attainment of proper output, and 
for the elimination of all effort not necessary in the attainment of proper 
output, and full efficiency in this field may be defined as the attainment 
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of the fullest production legally possible from the equipment available, 
without waste or useless effort. 

It may be remarked in this connection that superintendency is, in its 
very nature, an engineering field. It involves the collection of scientifically 
accurate data, its thoughtful study and its careful analysis. It implies 
action on the basis of fact—fact as developed by carefully collected and 
carefully analyzed data. Of course, it implies a thorough knowledge of 
ordinary practices, but as an absolute essential to success it also requires 
the deep conviction that ordinary practices probably can be improved. It 
is at this point that the current situation first shows its weakness. Far 
too many men now occupying positions in the superintendency field have a 
deep conviction that “whatever is, is right!” Not trained in .the art of 
analysis, not accustomed to collecting facts and to studying them in an 
impersonal fashion, their tendency is to learn practice as one learns the 
multiplication table—as something which once learned can always be de- 
pended on. 

“You can’t move dirt with a pencil,” said an experienced contractor 
who acts as his own superintendent to one of the Bureau’s representatives 
who was collecting data preliminary to an effort to speed up this job. 
“Perhaps not,” replied this young engineer, “but where they don’t use 
pencils, they don’t move much dirt!” In this bantering conversation was 
expressed all the difference between superintendence as an art—a knowledge 
of practice—and as a technical science—the application of general prin- 
ciples after thoughtful study and careful calculation. And, it may be 
added, that within a month the boy and his pencil had increased production 
50 per cent. 

The difference between superintendence as an art and superintendence 
as a technical science could be endlessly illustrated but that is hardly 
necessary in this connection. The purpose in drawing attention to the fact 
that there is a difference has been first, to show why such low standards of 
efficiency are accepted without question—a condition due entirely to the 
tendency of men who are learning any art to feel that once the art is 
mastered there is nothing further to do; second, to point out that if prog- 
ress toward higher efficiency is to be made this must be accomplished by 
obtaining general recognition of the fact that superintendency is a technical 
science; and third, that, therefore, the field must, as rapidly as possible, 
be manned by men with technical training—men who are capable of ap- 
proaching the very real problems presented every day to those who are 
working in this field, with the same confidence in the reliability of the 
laws governing their proper solution as is felt by the bridge designer or 
the technician in the testing laboratory. 

Parenthetically it may be here observed that to the thoughtful engi- 
neer there is another aspect of this situation worthy of his most careful 
consideration. Tt-is a common fecling among engineers that the profession 
is overcrowded. Probably it is. But if it is, this is because enormous 
fields, some of them, as in the case of superintendency, offering oppor- 
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tunities far beyond those now offered in the more ordinary and badly 
erowded fields, are being almost wholly overlooked by the young men enter- 
ing the profession. Our great universities in their attitude on this matter, 
if this can be correctly judged by the courses of study offered, are much 
like shoe factories which have not changed their styles for twenty-five 
years. More leadership in the development of new fields in which engi 
neering training can be effectively used is needed, and the lack of it is re 
sponsible for the inadequate training of the men today occupying such 
fields, just as it is responsible for the inadequacy of the training of the 
great majority of the men now occupying the superintendency field in high- 
way construction work. 

It may seem that in referring to the superintendency field as today 
not effectively manned, injustice is being done. That this is not the case 
can, however, be determined readily enough by a thoughtful scrutiny of 
production figures from any region of any considerable size in which ex- 
tensive concrete paving operations are being conducted. If the output of 
twenty or thirty mixers is examined it will be noted that few come any- 
where near obtaining the production theoretically possible. Indeed it will 
be found that in a considerable percentage of cases production is little if 
any over half of what it should be. There will also be cases where pro- 
duction is a good deal less than half of what it should be. But production 
is one of the outstanding responsibilities of superintendency. If the ex- 
amination is extended it will be found that there is no consistency in the 
number of men employed. For instance, a superintendent producing 350 
ft. of concrete a day may be using more men on the preparation of sub- 
grade or in setting forms than the superintendent who is laying 800 ft. of 
concrete a day. Other matters equally important could be brought out, but 
as they all point in the same direction this is hardly necessary. As a 
matter of fact it was such analyses as these that suggested that perhaps 
the matter might be further analyzed, for while it was apparent that 
superintendence was not securing the results which appeared possible—the 
facts enumerated above fell short of laying the blame squarely on superin- 
tendency, for there was in them nothing to show that poor results could 
be replaced by better. Therefore, the Bureau of Public Roads determined 
to subject a considerable number of concrete construction jobs to detailed 
analysis for the purpose of ascertaining what causes prevented consistent 
production at the rate theoretically possible and whether these causes were 
avoidable. It was felt that it would be measurably determined that super- 
intendence is primarily responsible for low production, if it could be shown 
that the direct causes of low production can be readily corrected. 

The analysis of this matter has covered three distinct phases: first, 
What is full production? second, What causes interfere with it, and how 
much do they interfere? and third, Are they avoidable? To answer the 
first and second of these questions, the operation of a considerable number 
of mixers at work in the field was subjected to stopwatch analysis. Men 
were sent into the field and kept on a project for from a few days to a 
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couple of months collecting readings on all phases of the work. When the 
data seemed to show that an operation could be performed within a certain 
time, though it might not have been performed consistently within that 
time on the jobs studied, an effort was made to locate a job where it was 
so performed and there to study conditions with particular care. Finally 
as a means of determining that the causes interfering with production are 
avoidable, a number of jobs were found where the contractor offered to co- 
operate in an effort to demonstrate that prevailing causes of underproduc- 
tion are avoidable by making such changes in construction practices as the 
stopwatch studies showed to be necessary in order to secure full production. 

The studies which were made to determine what is full production 
began with a study of the mixer cycle. These studies at once showed that 
from 9 to 10 seconds are required to raise the skip. Of this time, the skip 
is discharging into the drum during from about 1% to 2 seconds. After 
the skip is in vertical position, some time is required before all of the 
material which it contained is emptied into the drum. Different types of 
mixers differ a good deal in the time required here. The nature of the 
materials also affects the discharge time. The faster mixers generally take 
from a little under 4 seconds to a little over 5 seconds. An allowance of 
5 seconds for the lag in discharging the skip is appropriate for such mixers. 
The time required in mixing a batch (over the larger part of the region 
where these studies were conducted) is sixty seconds after all materials are 
in the drum. After the bell on the timer rings it takes a little time to 
set the levers and for the discharge mechanism to work. This generally 
amounts to about 2 seconds. It may amount to more but when it does it 
is apt not to be uniform. Time so used extends the time of mixing corre- 
spondingly. The discharge requires about 10 seconds if a mix of proper 
consistency is being had. Sloppy concrete discharges faster because it does 
not pile up in the bucket or in the chute. Discharging the drum should, 
of course, overlap raising the skip. There results, then, the following mixer 
cycle: 


Raising the skip with simultaneous discharge of batch.... 10 see. 
Pe Ae eee ee ear g ye 5 see. 
SEM MOO 0g 5 wie ble o's Kua tie oR eare ene ET aes 
MO fis ac oie ab 2 nk toads hae ty Pe ue 65 sec. 
Lg6 The Th GiCRNUO 54 6. <5 5. vr Se tas Wis. ee 
UE EO sod no gs 5 as OAS Ee eae ee ee 
Lag in discharge ............ a eT Pete vary Bis 
Total mixing cycle ..... oi opt Speen aces eaten 75 sec. 


This is 48 batches an hour. 


If, now, raising the skip is delayed until the drum is emptied, the cycle is 
extended to 85 seconds and the possible production per hour is reduced to 
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a fraction over 42 batches—a reduction of between 12 per cent and 13 per 
cent. Again, if, as an illustration, the operator still further delays matters 
by not only emptying the drum but also running out and emptying the 
bucket before he starts the skip the mixing cycle is extended to about 90 
seconds and output is reduced to 40 batches an hour, a loss of output 
amounting to about 17 per cent. It may be interesting to note that as a 
matter of observation and record, very few jobs have been found on which 
the operation of the mixer is so well handled that the 75-second cycle is 
attained with even fair consistency. The Bureau's representatives found 
one such job this summer. Full attainment of this cycle is hard to obtain 
but an average cycle within about a second of the ideal is not difficult to 
obtain with a good mixer as has been fully demonstrated by the Bureau’s 
engineers who have found a substantial improvement of the mixer cycle 
generally the easiest part of any effort toward “speeding up” a job. 

The correct mixer cycle involves one or two matters about which there 
may be some question. In the first place, if raising the skip and discharg 
ing the drum are overlapped, charging the drum and discharging it will 
occur simultaneously during the last 2 seconds of the period required for 
these operations. As the standard drum speed is about 15 revolutions a 
minute—one revolution every 4 seconds—such material as runs into the 
drum during this period cannot, of course, be raised high enough and moved 
over far enough to appear in the discharge. If any does appear it is an 
indication of too high a drum speed and the contractor should correct the 
condition by reducing the drum speed to normal, for, under current speci 
fications, he obtains no advantage whatever from operating at a high drum 
speed. Just why specifications are written in this way the writer has 
never been able to learn. Specifications commonly permit speeds of from 
14 to 21 revolutions a minute. Mathematical analysis suggests that at the 
higher of these speeds the action of the materials in the drum can hardly 
be sufficiently different from what it is at 14 revolutions to justify any 
other conclusion than that at 21 revolutions it receives approximately 50 
per cent more mixing than at 14 revolutions, these remarks applying to a 
6-ft. drum. If, on the other hand, the rate of revolution is increased much 
beyond this point, mathematical calculation indicates that the centrifugal 
force is likely to play an important part in reducing the mixing effect. The 
natural deduction from this is that while, under current specifications—a 
one-minute mix at about 15 revolutions per minute—the 75-second cycle 
is not likely to be much reduced by any change in mixer design, it may be 
practical to reduce it to about 60 seconds by increasing the mixer speed 
to about 20 revolutions per minute. If it should be found by test that this 
gives the same amount of mixing which concrete is now receiving, no im 
portant change in the general design would be required while, of course, 
possible production would be increased to 60 batches an hour, which is 
about as high a rate of output as, on the basis of data now in hand, it 
seems possible to attain under field conditions because of the numerous 
correlated operations that it would be difficult to hold constantly within 
any shorter time limit. 
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The second point relative to the 75-second mixer cycle is that, as 
mixers are now designed, the discharge must be forced to keep it within 
the 10-second limit on which this cycle is based. The bucket on most 
mixers is too small to properly accommodate a dry batch. Most mixers 
also dribble the discharge a little. Some dribble it a good deal. This is a 
matter governed by the design of the blades and the shape of the drum. 
Obviously, with all the batch in the mixer, the blades work through a 
“pool” of concrete lying at the bottom of the drum. As the discharge pro- 
ceeds the depth of this pool decreases. If, then, the blade construction is 
such that more or less of the concrete which is raised for discharge falls 
clear of the discharge chute, the process can continue almost indefinitely. 
With most mixers, the dribble can be avoided by reducing the discharge 
time to 10 seconds which, during the discharge of the first few batches, 
will result in leaving a little concrete in the drum. Within a short time, 
the amount thus accumulated in the drum will be sufficient to force the 
discharge of a full batch during the 10-second discharge period. The amount 
thus left in the drum is not large and as it is, with full production, com- 
bined with a new batch every 114 minutes, no bad results can reasonably 
he ascribed to the practice. 

It has been noted that one of the requirements in efficient superin- 
tendence is synchronization of all related activities. This, for such a man- 
ufacturing process as laying concrete pavement, suggests two things: first, 
that the mechanical unit which turns out the product (in this case the 
mixer) shall, if possible, be the pace-maker for the work, and, second, that 
the rate of production in all related or subordinate operations shall be 
governed by the pace-maker. 

On a concrete paving job there are a number of operations definitely 
subordinate to the mixing operation. Materials must be loaded onto the 
transportation units. These are sand, coarse aggregate and cement. These 
transportation units, if they are trucks, must be turned around at the site 
of the work, backed to the mixer and their contents dumped into the skip. 
If, then, any one of these operations takes longer than is required to mix 
a batch of concrete, this becomes the pace-maker for the job. Thus, in the 
case of a poorly designed gravel loading bin, it sometimes happens that the 
time taken to load a truck is greater than the time taken to mix the batch. 
One such installation was found this summer where the time required in 
loading a singk batch of aggregate at times averaged three minutes. The 
capacity of the mixer is of no consequence while such equipment is in use 
for it very effectively controls the rate of output. In this case, production 
was, of course, cut to less than 20 batches an hour and it is needless to 
remark that if such a device had cost nothing at all and had required no 
labor in its operation it still would have been an expensive installation for 
the extra time taken by the trucks in obtaining a load, not to mention the 
low efficiency at which the crew about the mixer had to work, were items 
of expense that far outweighed any saving obtainable from the material 
handling equipment 








286 EFFICIENCY IN CONCRETE ROAD SURFACING. 


- Handling cement is more often the pace-maker on the job. This is 
outstandingly the crudest operation on most concrete paving jobs. It is, 
today, almost exclusively a manual operation. Generally some five or six 
men are employed in handling cement—about twice the number required 
for handling some five or six times the weight of coarse aggregate. The 
ordinary practice is either to throw the proper number of bags of cement 
into the trucks on top of the aggregate at the cement house, putting a man 
onto the truck at the mixer to empty them just before the batch is dumped 
or to send the cement to the work in separate trucks, placing it in piles 
along the road to be later emptied into the skip. In either event, the 
operation is apt to conflict with fast production. If the cement is sent out 
with the aggregate on single batch trucks, one man is all that can work 
effectively in unloading it. Sometimes one cuts the wire fasteners and 
another follows emptying the sacks. But emptying the cement is heavy 
work and if it is not carefully supervised the material supply will be held 
up a few seconds here and a few there to the material detriment of the 
day’s run. 

If the practice of sending out the cement in separate trucks and piling 
it along the road is followed, delays are still more frequent. The mixer 
cycle is 75 seconds. Of this time at least 17 seconds—10 to raise the skip, 
5 to fully discharge it and 2 to drop it—are needed in handling the skip. 
More often 20 are taken by the mixer operator. Commonly, dumping the 
aggregate will take at least 15 seconds. There remain, then, with every 
thing running smoothly and on schedule, not much more than 40 seconds in 
which to empty five sacks of cement. This is enough if two strong men 
are employed, but whenever there is any delay in the arrival of a truck, as 
inspectors commonly refuse to permit the cement to be dumped before the 
aggregate is dumped, dumping the cement causes an extension of the mix 
ing cycle. 

An appropriate remedy for this situation is the installation of some 
sort of practical mechanical means for elevating the cement at the cement 
house to a point from which it can be dumped into the batch trucks with 
the aggregate. It takes cement some time to harden, even after it is wet, 
so it could not be damaged by such a practice during the time it is in 
transit to the mixer. As a matter of fact, there is doubt in the speaker's 
mind as to whether, even after cement sent out as part of the batch, has 
stood for some hours, the most exacting laboratory technician could prove 
a measurable deterioration affecting any considerable proportion of it, if 
he would adopt the practical method of basing his conclusions on compara- 
tive samples of concrete mixed im the field. In any event, there is no 
probability that the practice of sending cement to the mixer as part of the 
batch with the addition of extra cement to any batches which inspection 
showed to have been visibly damaged by standing over night, could be re- 
sponsible for any such variation in the strength of the concrete, as now 
results from ordinary variations in water content that pass utterly without 
note or comment on many construction jobs. 
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To just what absurd lengths the vagaries of inspection go, may be 
illustrated by a case reported to the writer by one of his assistants. The 
contractor was using four-batch trucks and was sending out the cement in 
sacks thrown onto the aggregate. Under the rules governing on this job 
he was permitted to have two trucks at the mixer with all cement emptied. 
One evening a breakdown at the mixer prevented the use of two such truck- 
loads (8 batches in all), so the contractor covered them with a heavy tar- 
paulin and left them for use in the morning. There was no rain that night. 
The inspector’s first act the next morning was to condemn these batches and 
personally to conduct the trucks to a high fill where the contents were 
dumped in such a way as to make any recovery impossible. The contractor 
offered to put an extra bag of cement in each batch. He asked to be allowed 
to take off the obviously good cement on the top and use that. There was 
no compromise. It all went over the bank! There is too much inspection 
of this sort in all phases of concrete pavement construction, but it is per- 
haps a little more arbitrary and a little more irrational where the cement 
is concerned than at other points with the result that contractors seem not 
to have dared here to work toward the modern.methods that are in use in 
other parts of this work. 

Turning the trucks and backing them to the mixer does not take time 
enough so that this operation becomes the pace-maker on the job, but cases 
have been observed where dumping the trucks has had the effect of con- 
trolling the rate of output. Dump truck bodies are of a good many styles. 
The desirable bodies are of steel and are so designed that while dumping a 
high angle is maintained, this resulting in a rapid flow of materials. With 
everything running smoothly, dumping can be done in a very short interval 
of time but, if the trucks must be dumped by hand, as is common with 
single batch trucks, a poorly placed load will sometimes result in consider- 
able delay. However, it is only when home-made wooden dump bodies are 
used that the delay is at all likely to be consistently serious. On one job 
studied this summer there were a number of trucks equipped with wooden 
dump bodies which quite consistently used over a minute in dumping. As 
the period (see above) between the moment at which the skip is lowered, 
and at which it starts up again with another load, is generally less than 
55 seconds, their inability to dump a load within a minute, made these 
trucks the pace setters to the extent of the proportion of the material which 
they delivered. 

The other aspect of the production problem as referred to above, the 
synchronization of all activities, covers such matters as the amount of 
forms set, the rate of material delivery, the rate of finishing and curing, 
ete. It is not necessary to treat these at length for it is, of course, obvious 
that material can be mixed only as it is delivered and that, therefore, the 
rate of delivery must be based on the rate at which the mixer is expected to 
operate. In the same way, finishing must keep pace with production and 
the crew must be selected and trained with this in mind. Perhaps it is not 
quite as clear that form setting, and finishing the subgrade, are in the 
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same category, but a little thought on this matter will serve to convince 
almost anyone that this is the case. There certainly is nothing to be gained 
by setting forms twice as fast as concrete is poured—and indeed this is not 
possible for the simple reason that no job has enough forms to last long at 
any such rate. And as for finishing the subgrade, there is too much risk 
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involved, too much chance that rains and traffic will destroy the work to 
justify keeping it far in advance of the mixer. 

The second phase of the Bureau’s studies in this field dealt with the 
matter of delays, their amount and their cause, To develop these, stop 
watch studies have been made on a number of jobs. The general practice 
has been to take an hour’s reading morning and afternoon, recording the 
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component parts of each mixer cycle and the length and cause of each 
delay. Such a record is shown in Table 1. These records were collected 
over such a period as seemed necessary in order to obtain a fair average of 
operation, the hourly studies being tabulated as in Table 2 for more gen- 
eral study. The tables used in illustration are perhaps not quite as typical 
of conditions generally as some which could have been shown but are given 
here because they show the conditions prevailing on one of the jobs on 
which an effort was subsequently made to improve production on the basis 
of the data which these studies developed. The graphs in Fig. 1 show 
the daily and the hourly production in lineal feet over a more extended 
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FIG, 1,—DAILY AND HOURLY PRODUCTION ON FEDERAL-AID PROJECT NO, 235, 
HOWARD CO., MISSOURI, 


period. What these data show, responsibility for the conditions prevailing, 
and the steps taken for the correction of improper conditions will be dis 
cussed under the various headings used in these tables. 


The summary of the studies set down in Table 2 develops the following 
facts: 


BORCROD GAINOG DOR: ROUT is oils d os ceicles hi we outa 27.4 
Per Cent 
Average efficiency of production STi rr ee 57.1 
Average BOUG G sia a6 bite vei eB 
The lost time is accounted for as follows: 
Actual mixer cycle. . ‘ale cewwiis OM S60. 
Correct mixer cycle.............. 75.0 “ 
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Mechanical trouble with mixer................... 4.9 
Poor operation of mixer other than incorrect cycle.. 8.4 
Shortage in truck supply....................005. 13.6 
Time lost in handling trucks................... 7 ee 
EER eee Sil EA i ae A 2.0 
mroumee ween Supemeees ea ae 1.6 
PRUE UU EOS ss co's sou ccs ces ccc ees cces 4.0 
tre ete 8 os sos Fess okocre te ree tnes 0.6 


Among these delays there are two outstanding groups—delays incident 
to the operation of the mixer and delays arising from the delivery of mate 
rial—which here, as on practically all of the jobs so far studied, are the 
major causes of underproduction. 

The delays incident to the operation of the mixer were, in this case: 

Per Cent of 
Working Day 
Improper mixer cycle .... sabe ta é 
Other improper operations of mixer ... 


nie Phy 8.4 

Total loss due to poor operation ............. 11.2 
Mechanical troubles ..... bie tts tay die + 48 
Total loss at mixer ....... ee ear T. seca ce. ae 


The extension of the mixer cycle beyond the proper limit was due to 
the fact that the operator failed to overlap raising the skip and discharging 
the drum. On this particular job, the inspector had failed to set the timer 
to take care of the lag in discharging the skip, with the result that the 
contractor had here an advantage of perhaps 3 seconds over what should 
have been required of him. In spite of this advantage, his mixing cycle 
was approximately 5 seconds long. In addition to this, he had a habit of 
splitting batches and often ran out the bucket and dumped it before start- 
ing the skip. He was also in the habit of moving the mixer while it was 
empty. The accumulation of such erroneous practices as these accounts for 
the 8.4 per cent of the working day charged to poor operation, other than 
an improper cycle. It is hardly necessary to remark here that any really 
first class mixer has a power plant quite capable of handling the discharge 
mechanism and raising the skip while at the same time driving the drum 
under full load. Moreover, once the discharge has been started and the 
skip lifted off the ground, the power plant should be capable of moving the 
mixer while the discharge continues and the skip is being raised. There is, 
then, no power plant limitation in any first class mixer which prevents 
operation within the cycle outlined above, except when worn out mixers 
are being used. On the other hand, there are mixers which are function 
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ally inadequate, due principally to poor blade design. One of these recently 
studied required approximately 30 seconds for emptying the skip after it 
had reached vertical position. A number of other machines have been 
found which commonly required a little over 15 seconds to accommplish 
this. It is, of course, quite unnecessary to observe that such mixers gen- 
erate long mixer cycles and that, therefore, wherever there is functional 
inadequacy in the mixer itself, production at the standard rate of 48 
batches an hour cannot be legally had. 


Tas_e IIl—Sropwatcu Srupies on Concrete Roap Construction. 
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Mixer was idle 39.1 per cent of working day. _ 

Additional time lost due to slow tion of mixer, 60.9-57.1, 3.8 per cent. 

Nore: (1) Very inadequate supply of trucks developed when hauling distance changed from one mile 
to five miles. 


On the job under discussion no functional inadequacy existed. The 
improperly long mixer cycle and the other time losses incident to operation 
were entirely chargeable to the operator. The problem was, then, one of 
training the operator to handle his machine correctly. To this end, he was 
instructed : 


First, never to split a batch. 

Second, to empty the bucket only after the skip had been discharged. 
Third, always to move his mixer while it was mixing. 

Fourth, always to throw his skip lever and his discharge lever to- 
gether and as quickly as he could after the bell on the timer 
sounded. 
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TasLe IIl.—Srorpwatrcu Srupies 1n Concrete Roap Construction 
Study No. 58-B. 
Date, July 31, 1925. 
Number of Batches Placed, 47. 
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Fifth, always to close the discharge so that it would reach full cut off 
position just as the skip reached full vertical position. 


How completely it was possible for him to attain these results will be 
apparent from a study of Table 4 which gives the readings taken during 
the last week’s operation on this project, during which time improper 
handling of the mixer—in this case too long a cycle—accounted for a loss 
of only 2 per cent of the working time. This is a good record for it must 
be remembered that any variation from the correct cycle must be an in- 
crease. It is not possible to average at 75 seconds for that could be attained 
only by shortening the time on some of the batches 


Tasie IV.—Sropwatcu Srupies on Concrete Roap ConstTrucrion 
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Time lost by mixer, 7 per cent of working day 
Additional time loat due to slow operation of mixer, 93.0-91.0, 2 0 per cent of working day. 


The conditions existing on this project and the change it was possible 
to effect through instruction of the operator in the proper manipulation of 
his machine justify two or three observations. The first of these is that 
mixer operators commonly have been found to have only a limited appre 
ciation of what their machines should be capable of doing and of how to 
make their machines function correctly. To at least a certain degree this 
ia due to the fact that manufacturers do not fully instruct their repre- 
sentatives as to the capacity of their machines and how to operate them. 
However, a larger factor ia the tendency of contractors to assume that any 
yood laboring man can be trained to run a mixer. Practically, it has been 
found that this is true but it has also been found to be even more com 
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monly true that the training is not properly attended to. During the past 
summer the Bureau’s representatives have dealt specifically with this prob 
lem on some seven or eight mixers working under widely different condi- 
tions and in no case have they failed to obtain definite improvement in 
operation by the relatively simple process of explaining to the operator how 
his machine should be handled and showing him the result of changes made 
in his manner of operating. This leads directly to the second observation, 
namely, that the unescapable deduction from these experiences is that re 
sponsibility for lost time from this cause rests squarely on the shoulders 
of the job superintendent. Existing conditions are within his obvious juris 
diction and the failure to secure proper results can be charged only to him. 

The loss of time due to mechanical trouble with the mixer was a large 
item on this job. It has been found to be a large item on many jobs. 
Mixers wear out and like all other items of equipment must be replaced. 
They are, however, in a category somewhat different from the great bulk 
of equipment. With most of the equipment there is an opportunity to 
“catch up” any time lost in making minor repairs. In the event of a seri 
ous breakdown some other method of operation can often be arranged 
which will enable production to continue without the machine until it can 
be fixed. In other cases there may be a number of units employed—as, for 
instance, trucks—in which case a breakdown will affect only a fractional 
reduction in production. But with the mixer, any loss of time is instantly 
reflected in the production. Indeed, to stop the mixer is to stop production. 
This is wholly unavoidable. Therefore, the mixer should receive outstand 
ingly good care and ought to be replaced more often than most other items 
of equipment. The payroll on a concrete paving job commonly runs in the 
neighborhood of $200 a day. Depreciation on equipment is at a rate gen 
erating a cost of perhaps half that amount, often more. These two ac- 
counts, to mention none of the accounts of lesser importance, can be said, 
in a general way, to amount to $300 a day or to 50 cents a minute. If, 
then, the mixer is losing 5 per cent of the time, this is 30 minutes, worth 
$15 a day, or somewhere between $1,500 and $2,000 during a good working 
season. 

Mechanical difficulty may be due to the use of a worn-out mixer, to 
occasional breakdowns which, in turn, are likely to be the result of poor 
operation, or to careless or indifferent maintenance. If, from the latter 
causes, responsibility for them, as in the case of the poor performance of 
the operator, rests squarely on the superintendent. In the case in hand, 
the almost total absence of mixer trouble during the period covered by 
Table 4 is to be ascribed, at least in part, to the more complete training 
of the mixer operator and to the greater emphasis laid on proper care of 
the mixer, It was a comparatively new machine and should have given 
little trouble. If mixer trouble is due to the fact that the machine is worn 
out it ean be corrected only by a complete overhauling or by the purchase 
of a new machine, To work with a machine that is losing upward of 5 per 
cent of the working time is too expensive to be considered for a moment by 
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a wide-awake contractor. This statement also applies directly to the use 
of functionally inadequate machines. For instance, a machine that, through 
poor design, generates a mixer cycle of 85 seconds throws away about 12 per 
cent of the working day (when worked to capacity), that is, about $35 a 
day or from $4,000 to $5,000 during a good working season. No contractor 
can afford to own such a mixer! 

Another observation which may appropriately be made at this point 
is that the correction of conditions at the mixer, at once affects losses at 
other points, notably in the transportation supply. 

In the case at hand, losses which had been amounting to over 16 per 
cent of the working day were, by careful instruction of the operator, (see 
Table 4) reduced to 2 per cent of the working day. As an inadequate truck 
supply already was responsible for a loss of 13.6 per cent of the working 
day, the corrections made at the mixer could have had no value whatever 
without a change here, They would, in short, merely have operated to 
increase truck shortage to 27.7 per cent. The objective in a construction 
operation is production, Obviously, the greater the production per man 
and per machine, the more favorable the position of the contractor. Any 
effort at efficiency which falls short of this result is a hopeless failure. 
But, in the studies of efficiency which have so far been made, there is one 
thing that has been conspicuous,—that it is not, on the whole, more effort 
per laborer employed which is needed. Rather it is more effective instruc 
tion of the men and more effective planning of their work. Laboring men 
at once sense any lack, either in knowledge of the work or in ability prop 
erly to direct it, but they respond at once to the efforts of any leadership 
which enables them to work more effectively. So, while it has often been 
observed that mixer operators, as a single example, are difficult to handle 
if an effort is made to correct conditions at the mixer, when ordinary prac- 
tices there generate a rate of production which exceeds the possible rate 
of material delivery, it has been the uniform experience that, if crowded 
hy the development of an improved rate of material delivery, they will 
work diligently to master an improved system of mixer operation, It is, 
therefore, not only useless so far as the effect on output is concerned to 
improve the operation of the mixer if the material supply, where already 
inadequate, cannot be improved, but it is also likely to be impossible to 
correct the rate at which other operations are performed, for the men 
involved are likely to so keenly appreciate the utter futility of it all that 
they will not respond. 

On the job under discussion, the material delivery losses were: 


Per Cent of 
Working Day 


Inadequate truck supply 13.6 
Improper handling of trucks v0 tb vee ae 
Difficulties with water supply 604 SEE IG 2.0 


Total 











296 EFFICIENCY IN CONCRETE ROAD SURFACING. 


In making these studies readings were, of course, made at the mixer. Im- 
proper handling of trucks there, slow dumping and difficulty in handling 
caused by bad subgrade were causing a loss of 4 per cent of the working 
day. Slow dumping was later largely corrected by placing the stone in the 
back of the trucks which were of the single batch, hand dumped variety. 
This largely eliminated time losses due to slow dumping. The bad sub 
grade conditions were never fully eliminated. This tended to correct the 
deficiency in truck supply but could not, of course, eliminate it. 

The fact of a truck shortage as shown by readings at the mixer indi- 
cates merely a shortage under existing operating practices. Single batch 
trucks travel at an average rate of about 15 miles an hour. The Bureau’s 
studies show that about 4 minutes are required per load hauled, for servic- 
ing operations such as loading sand and gravel, loading cement, traversing 
loading plant, operation of turntable, ete. These facts generate the 
formula 

T—8d+4 


in which T is the trip time in minutes and d is the distance from the mate 
rial loading plant to the mixer in miles. With this formula, it was possible 
to subject the existing truck supply to analysis to ascertain how many 
loads per day should have been delivered. By comparing the number of 
batches which should have been delivered with the number actually deliv- 
ered, it was possible to determine the efficiency with which the trucks were 
being operated. Fig. 2 gives graphs showing the efficiency of truck opera- 
tion under the contractor’s management and as developed under the guid- 
ance of the Bureau’s representative. For the period under discussion the 
average truck operating efficiency was about 64 per cent. In short, instead 
of an actual deficiency in the truck supply, the average truck supply avail- 
able during this period was such that, had it been properly operated, a 
surplus would have resulted. This statement, of course, deals with aver- 
ages and is satisfactory for a general analysis of the transportation situa- 
tion, but for immediate job control, it is not sufficient, for averages, to be 
really significant, must deal with a situation in which there is opportunity 
to exceed a desired condition as well as to fall below it. In work of this 
kind, this cannot be done, for today’s surplus truck supply cannot be used 
to increase today’s run or to improve tomorrow’s, if there will then be a 
deficiency. To correctly appraise the situation for proper job control, each 
day’s work must, therefore, be considered by itself. Viewed from this angle, 
there would, at times during this period, have been some truck shortage, 
if all operation had been on a high plane of efficiency and no additional 
trucks had been made available. This will, perhaps, be a little clarified by 
the graphs in Fig. 2 which give some of the details as to the truck supply 
and its management. 

The detailed analysis of efficiency with which the trucks were being 
operated included stopwatch analyses of service rendered the trucks, i. e., 
loading, turning, backing and dumping, etc., for the purpose of learning 
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and correcting the various causes of delay. The stopwatch studies also 
developed the trucks which habitually ran either fast or slow and thus in- 
terfered with a uniform delivery on schedule time. The details of this 
work need not be discussed at length here but a few observations may be 
of interest. Thus, on work of this kind, it has been uniformly found that 
where a uniform travel speed it not maintained efficiency is reduced. If 
trucks are run at a speed greater than that established for the job, they 
are worn out more rapidly with increased depreciation and repair cost as 
well as a higher percentage of time lost in the repair shop. Accidents 
enroute, collisions, etc., are of more frequent occurrence. In short, general 
confusion in operation results, with nothing much on the other side of the 
ledger, for, though the truck which has been speeded up may obtain a few 
extra loads during a day’s run, these are commonly obtained at the expense 
of some other truck so that no increase in amount hauled, taking the fleet 
as a whole, results. This arises from the fact that each servicing opera- 
tion takes time and that, therefore, while the speeding truck may come in 
ahead of its place in the line, this merely results in its reaching the 
material yard with some other truck or trucks which must then wait for 
service, losing on the whole about as much time in going through the 
material yard as the speeding truck has gained. 

The slow truck, of course, shows a direct loss of time itself, and also 
causes those delayed by its slow driving not only to lose time on the road 
but also to lose time waiting for service in the material yard. The net 
result, then, of both slow driving and fast driving is to injure the con- 
tractor, and whenever either is found to exist, if the drivers fail to co- 
operate in correcting the condition, they should be summarily discharged. 

On the other hand, it may be remarked that while high production 
requires a rigidly scheduled delivery of material it is unfair to the men 
to assume that unassisted they can accomplish this result. Indeed it is as 
hard to maintain the material delivery schedule without adequate super- 
vision as it would be to maintain a complicated train schedule without a 
dispatcher. Good supervision is essential. The men should be given proper 
information as to the trip time which is to be required. Speedometers 
would be a great assistance to them in maintaining the proper speed. They 
should be rigidly held to proper performance but they should be given ade- 
quate means of determining that they are rendering proper performance. 
Here again superintendence now is wholly inadequate. It is not enough 
that men should be told what is desired. The conditions surrounding their 
work should be such and their detailed instruction should be such that the 
result desired can be secured. 

Another matter relative to the truck supply is that, in practice, even 
with the best of supervision, perfect performance is all but impossible of 
attainment. The elimination of delays in servicing and the introduction of 
a standard driving speed will improve material delivery. On another 
project, studied by another of the Bureau’s men, the truck supply was 
inadequate throughout the period during which an effort was made to 
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improve production. Under the contractor’s management the efficiency of 
truck operation had commonly ranged between 70 per cent and 75 per cent. 
By correcting the difficulties arising in connection with servicing, by keep- 
ing the trucks on schedule, etc., the efficiency of operation was raised to 
about 98 per cent, but it could not be raised to a full 100 per cent for 
any extended period and held there. A punctured tire, a train at the rail- 
road crossing, a momentary holdup due to other traffic on the road, not to 
mention more of the numerous occasionally encountered causes of minor 
delay, would cause the trucks to fall a little below full efficiency. From 
this and other experiences with this problem, the conclusion has been 
reached that it is sound practice to use a truck supply somewhat in excess 
of that theoretically required. On the job under discussion, one extra truck 
was used, except that on one day two extra trucks were used, but the re- 
sults obtained do not indicate that any increased rate of production 
resulted. 

Where an excess truck supply is used the computed efficiency of opera- 
tion will, of course, be correspondingly reduced. This explains the fact 
that an operating efficiency generally ranging between 80 per cent and 
85 per cent was maintained during the high production period shown in 
Tables 3 and 4 and in Fig. 3. In the last analysis the question as to what 
excess truck supply it is well to maintain must be determined by the con- 
ditions prevailing on the job in hand. It has been shown that in a general 
way time lost at the mixer costs the contractor 50 cents a minute. The 
loss, for instance, of 5 per cent of the working day costs him perhaps $15. 
The loss of 10 per cent of the working day costs him perhaps $30 a day. 
The time of one single batch truck will cost perhaps $10 a day. There is 
here, then, what may reasonably be termed a choice of evils for expense is 
involved no matter which choice is made. In a general way, the higher the 
efficiency of operation, the less a contractor will need to provide by way 
of extra truck supply. But, as an efficiency of operation exceeding 90 per 
cent is astonishingly difficult of attainment, it is thought that, as a general 
proposition, a 10 per cent excess truck supply is the lowest that it will 
ordinarily be wise to use. 

Another aspect of this case is that inadequate transportation facilities 
are the rule rather than the exception on paving jobs. Indeed, much of the 
poor progress made on this work is directly traceable to this cause. Con- 
tractors should give more thought to this matter. In the very nature of 
the case, the force employed on other than hauling work must be main- 
tained at practically constant size without regard to the yardage laid per 
day. The amount of equipment on the job is, of course, constant. Daily 
payroll and depreciation charges, therefore, remain about the same, whether 
production is high or low. On the other hand, varying the number of 
trucks does not vary the cost per batch hauled. It merely affects the rate 
of delivery. It, therefore, naturally results that any under supply of 
transportation sharply increases the cost. On the other hand it is rather 
a common practice to use all of the transportation all of the time. This 
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is wholly indefensible. To keep the cost of hauling at a proper level the 
number of trucks worked should be in close harmony with the number 
required. A reasonable excess in the truck supply as insurance against the 
loss of time at the mixer is proper but to keep more than this merely serves 
to increase the cost of hauling. A brief study of the formula for the time 
required per trip will show that, except for the influence of the constant, 
which is of minor importance except on short hauls, the time per trip and 
therefore the cost of hauling varies directly with the distance hauled. In 
other words, hauling materials to the third mile will cost about three times 
as much as hauling them to the first mile if the transportation used is 
kept in harmony with the work to be done. On the other hand, to work 
all the transportation all of the time results in making each mile equally 
expensive until the full distance at which the trucks can supply the mixer 
is reached! Operation of this sort ruins profits. 

The water supply is not commonly so considered but actually is part 
of the material supply. It is, of course, apparent that anything that inter 
feres with the water supply stops production. The water supply is, there 
fore, an important consideration. Without going into the matter at length 
it may be observed that time losses in this field arise from a number of 
causes, Generally speaking, the most conspicuous of these is moving the 
hose to another pipe line outlet. As commonly conducted, this operation 
stops production for from 5 minutes to as much as 10 or 15 minutes. This 
loss takes place two or three times a day. It can be wholly eliminated by 
using a double hose connection on the mixer and having two lengths of 
hose on the job. It can be largely eliminated by careful and systematic 
work in moving the hose. The latter method was used on this job. 

Inadequate water supply often is a cause of trouble. The common 
practice today on paving jobs is to use 2-in. pipe for carrying the water 
delivery. This is a leave-over from the days of the 3-bag paver, but for 
serving a modern, 5-bag paver pipe of this size is totally inadequate. A 
3-in. pipe is the smallest that can appropriately be used for while the 
mixer can generally be served through a 2-in. pipe, to do so generates 
pressures at the pump and in the line which are ruinous. Moreover, one 
of the outstanding features of most concrete paving work today is the 
utter inadequacy of the supply of water available for curing. One seldom 
sees a pavement which, in dry weather, is properly wet down. The cause 
is apparent enough. The contractor, with his existing 2-in. pipe, simply 
cannot run his mixer and meet the specifications governing curing. 

On this job, preparing subgrade caused a loss of 1.6 per cent of the 
working day and finishing the concrete caused a loss of 4 per cent of the 
working day. Other miscellaneous items caused a loss of 0.6 per cent of 
the day. These last commonly are small difficulties that cannot be foreseen. 

Losses of time due to subgrade as well as losses of time due to finish- 
ing should never oceur, The mechanical means available for handling the 
subgrade and for handling the finish are so simple and so effective that 
those operations ought never to affeet production, On this particular job 
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the underlying difficulty really was erratic inspection, which suggests that 
there are a few matters in regard to inspection that ought to be more 
fully understood both by contractors and engineers. One of these is that 
the specifications should be viewed as a whole. Years ago an outstand- 
ingly brilliant professor at the University remarked to the writer: 

“It is impossible to learn architecture by taking the bricks out of a 
wall and studying them with a microscope! Rather, one sits on a hill and 
meditatively considers the beauty of the structure as a whole.” 

This is equally true of specifications. Much of the trouble which con- 
tractors have in dealing with inspectors arises from the fact that the lat- 
ter, or the engineer directing him, in looking at the specifications with a 
microscopic range of vision has brought into this moment’s field of vision 
some one item which he then proceeds to enforce without the slightest 
apparent conception of its real relation to the general structure which any 
complete specification actually is! As a result the enforcement of specifica- 
tions becomes unbalanced. On a job recently studied the inspector told one 
of the writer’s assistants, that as long as the center point was straight 
none of his bosses paid any attention to the rest of the work! This ap- 
peared to be literally true for the finish was rough, many of the batches 
were wet, no particular attention was paid to how the reinforcing was 
placed, and the accuracy of subgrade finish left much to be desired, to 
mention only a few of the conditions prevailing. But let the center joint 
get a little out of line and there was trouble enough! 

Another matter that gives contractors a great deal of trouble is the 
clause “or to the satisfaction of the engineer” and its many equivalents. 
Any discussion of efficiency, to be at all complete, must make reference 
to the fact that the tendency of engineers and inspectors to view such 
“earte blanche” to make any requirements they please costs con- 
tractors a great deal of money. The modern tendency in writing specifica- 
tions is to define methods, materials, practices and tolerances with con- 
siderable clarity. This practice is open to the criticism that it deprives 
contractors of the incentive to use their ingenuity in improving these and 
thereby favorably affecting cost. But while it is not unlikely that the time 
niay come when more latitude will be given contractors and with it more 
opportunity for constructive thinking in the field of methods and prac- 
tices, the fact remains that a correct interpretation of existing specifica- 


clauses as 


tions would not only relieve contractors of much worry and expense but 
would help toward this end for the clause, “or to the satisfaction of the 


engineer,” both legally and historically, refers only to the engineer's 
authority in regard to other specified methods, materials, practices, usages, 
tolerances, etc, The engineer himself commonly has no authority to initiate 
changes, but rather is required, both historically and legally, to accept and 
permit the use of practices, ete., which in his judgment are equal to these 
preacribed whenever the contractor desires to make such substitution. The 
common attitude among engineers that a new method, different materials, 
unusual proportions, ete., though under test offering finished work as good 
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or better than that specified, should be refused, especially if the contractor’s 
profit may thereby be improved, obstructs constructive thinking, needlessly 
increases cost to the contractor, hurts the engineering profession, and, in 


all of these ways, acts needlessly to increase the cost paid by the public 
for a valuable paving material. 


HOURS MIXER OPERATED 
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FIG. 3.—-DAILY AND HOURLY PRODUCTION ON FEDERAL-AID PROJECT NO, 235, 


HOWARD CO., MISSOURI; OPERATIONS GUIDED BY STUDIES MADE BY 
DIVISION OF CONTROL, BUREAU OF PUBLIC ROADS. 


The losses in time having been determined and the remedies devised as 
discussed above, there remains nothing but the actual application of these 
to the job in question. To change the practices in force on a going job 
takes time. A month was required on this project to develop a rate of 
efficiency deemed fairly satisfactory. At first progress was slow but as 
the men became familiar with the new ideas, they worked diligently toward 
the desired end with the result that, during the last week of the test period, 
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production was consistently maintained at a reasonably satisfactory level. 


The results are shown in Fig. 3. 

In closing it may be pertinent to remark that there was nothing un- 
usual about this project. These and other studies indicate that efficiency 
in production is not a matter governed by local or regional conditions. 
Given good supervision, a trained appreciation of what the elements of 
supervision are, and proper equipment with which to work, production 
equal to or better than that secured on this job during the last week of 
the Bureau’s direct contact with it, should be secured on any other job 
having a good 5-bag mixer, with the necessary correlated equipment, and 
this without regard to where it is working. 











TRANSVERSE TESTING OF CONCRETE. 
H. F. CLemmMer* AND Frep Buroorar.+ 


In highway research of the last few years nothing has been more 
clearly demonstrated than the instability and non-uniformity of the pave 
ment subgrade. For this reason the pavement must be designed as a floor 
slab rather than a wearing surface. Therefore, practically all of the 
formulas developed for highway design in the last few years use the trans 
verse strength as a factor rather than the compressive strength. However, 
as this change in design has been comparatively recent, tests of materials 
used in pavements, as well as the data compiled concerning these materials, 
and the finished concrete, have dealt with the compression test. There has 
been considerable discussion, with little knowledge gained, as to the meas 
ure in which the ultimate compressive stress indicates the transverse 
strength of the concrete. 

The compressive strengths of cores drilled from the same sections of 
concrete pavements have varied as much as 150 per cent of the minimum. 
This non-uniformity of the strength of cores drilled from constructed pave 
ments caused the U. 8S. Bureau of Public Roads to question as to whether 
or not the strengths of the pavements from which the cores were taken 
were actually as non-uniform as was indicated by the results of the com 
pression tests. As this non-uniformity was thought to result from varia 
tions in the method of compression testing an attempt was made to divide 
these variations into classes and to correct them as far as possible. How 
ever, later in the investigation it became apparent that conditions causing 
these differences were such an integral part of the test that their correction 
was highly improbable. 

The first class of variation resulted from the type of testing machine 
used in making compression tests which, though the movement of the load 
was uniform, the application of the load was not uniform and therefore the 
stress at any one interval of time was in no way related to the stress at 
another interval of time. This resulted in a non-uniform rate of applica 
tion of load between various cores due to the difference in their elasticity. 
The error produced through the use of this type of machine can neither be 
corrected nor its effect computed. 


“Technical Engineer, Solvay Process Co.; Former Engineer of Materials, 
INinotls Highway Division. 
tAssiatant Engineer of Materials, Iilinois Highway Division 
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The second class of non-uniformity of compression tests results from 
variations in the methods of capping of the cores. In an attempt to correct 
this error several investigators have advanced methods intended to stand- 
ardize the process of capping. In the Illinois Highway Laboratory it was 
thought possible to eliminate capping altogether by sawing off the ends of 
the cores and in this manner obtain smooth, parallel bearing surfaces, 
which would insure a uniform distribution of load. However, after install- 
ing a new saw and using this method on approximately one thousand cores, 
the results showed that not only did the non-uniformity still exist but the 
cores tested by this method showed a lower strength than those which 
were capped. In Table I is given the results of various methods of capping 
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FIG. 1.——-CANTILEVER TRANSVERSE TESTING APPARATUS—DETAILS, 








on the compressive strengths of cast cylinders. The detrimental effect of 
sawing off the ends of cylinders to the depth that the cross-sectional area 
of the coarse aggregate is exposed is shown. Also, the effect of no capping 
on cylinders, which were only trowelled after casting, is given. In Table Il 
is given the compressive strength of 700 sawed road cores and 700 capped 
road cores. It will be noted that the average reduction was nearly 900 Ib. 
per sq. in. or over 30 per cent. Further tests, made in an effort to discover 
a reason for these variations, showed that the moduli of elasticity of the 
aggregates used in the concrete were in all cases greater than that of the 
matrix, that the exposed aggregate took the load even though the ends of 
the core were smooth, and that, therefore, the hard pieces of aggregate were 
forced axially into the core in such a manner as to cause a wedging or 


splitting action. For this reason cores, in which the modulus of elasticity 
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of the aggregate approached that of the matrix, had a much more uniform 
distribution of the load and showed a greater ultimate strength. Also the 
variation in elasticity between the aggregates on various sides of the cores 
resulted in a difference of deformation, for sides of the same core, while 
under load. 

A third cause of variation is the impossibility of eliminating friction 
as an indeterminate factor in the compression test. The friction between 
the head of the testing machine and the end of the core is so great that 
the end of the core is not allowed to expand as the core is compressed and 
for that reason the core is restrained to some extent from breaking. 











FIG. 2.—APPARATUS SET UP IN LABORATORY. 


Attempts to correct this action by placing a layer of expansive material 
(rubber) between the end of the core and the head of the machine failed 
because the material expanded under load to such an extent that the end of 
the core was pulled apart before the ultimate strength of the core was 
reached. 

As a means of comparison between the laboratory specimens used in 
the study of the compression test, and for field testing for which the com- 
pression test is not economical, a transverse testing machine has been de- 
veloped by the Illinois Highway Testing Laboratory. The beams are sup- 
ported as cantilevers and an extension arm with a container at the extreme 
end placed over the free end of the beam. Load is applied by an even flow 
of shot or water from a separate container equipped with a quick-acting 
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TABLE I, 
| 1:2:3% Mix 
End Condition of Cylinder — -— ——-—— 
7-day 28-day 
Capped Lumnite Cement .............| 1195 2285 
Capped Neat Cement ................ 1120 2280 
Capped Plaster Paris ................ 1130 2230 
Trowelled Mortar Surface ............ 905 1850 
; cme ee Bowed G6. o.cis:. cacnivinwess 890 1780 
Both Ends Sawed Off ................ 705 1760 
NorrE.—Each result average of 15 cylinders. 
TABLE IT. 
Cores SAWED Cores CAPPED 
Mark | Ave. Comp. Stress Mark Ave. Comp. Stress 
B.1 to 44 2768 B.700 to 713 3313 
45 to 78 3362 714 to 741 3518 
79 to 100 3957 742 to 769 3203 
101 to 123 2909 770 to 797 3284 
124 to 151 2627 798 to 825 2647 
152 to 179 2692 826 to 853 3006 
180 to 208 2863 854 to 881 3897 
209 to 236 2999 882 to 909 4130 
237 to 264 2939 910 to 937 3669 
265 to 292 2887 938 to 965 4211 
293 to 320 3047 966 to 993 4788 
321 to 348 3240 994to 1021 | 4610 
349 to 376 3165 1022 to 1049 | 4172 
377 to 404 2982 1050 to 1077 | 4547 
405 to 432 3155 1078to 1105 | 3765 
433 to 460 2535 1106 to 1133 3376 
461 to 488 2600 1134 to 1161 3621 
489 to 516 2349 1162 to 1189 3003 
517 to 544 1663 1190 to 1217 3583 
545 to 572 1912 1218 to 1245 | 2972 
573 to 600 2376 1246 to 1273 3217 
601 to 628 2468 1274to 1301 | 3735 
629 to 657 2721 1302 to 1329 | 3727 
658 to 685 3004 1330 to 1357 3851 
686 to 699 2847 1358 to 1385 | 3849 
1386 to 1400 | 3657 
Average 2802 3666 
Note.—30.8 per cent increase in strength by capping cores. 
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TABLE III.—CoMPARISON OF TRANSVERSE AND COMPRESSIVE STRENGTHS AS 


TRANSVERSE ‘l'ESTING OF CONCRETE. 






THE REVEALING MEDIUMS OF THE QUALITY OF CONCRETE. 
TRANSVERSE STRENGTH 


COMPRESSIVE STRENGTH 

















th per Diff. bet. Max. & Min. Str. | 
8q. in. Lb. per sq. in.| Per cent | 
= 
400 
398 2 0.5 
430 
447 17 0.4 
387 
376 11 0.3 
415 
439 24 5.8 
467 
479 12 2.6 
564 
551 13 2.4 
389 
353 36 10.2 
518 
529 11 2 
479 
465 14 0.3 
441 
456 15 3.4 
438 
416 20 Kea: 
559 | | 
552 7 1.3 
530 
526 4 0.8 
518 
455 23 } 5 | 
614 | 
573 41 7.2 








Lb. per 


sq. in. 


1008 
1810 
2000 
1280 
1352 
2165 
3520 
2140 


| 
| 


Diff. bet. Max. 


802 
720 
813 
1380 
1600 
840 
1465 
965 
950 
1410 
1560 
1310 
935 
1680 
1110 


|Lb. per sq. in.| Per cent — 
on eek ot oo oe 


| 


& Min. Str. 


79.6 
56.2 ° 
60.1 
64.5 


60.9 
46.6 
97.7 
36.5 





Average Difference—3.7% 


Average Difference—72.0% 











TABLE IV. 
. | | ’ 
Trans. Str. | Comp. Str. Ratio Trans. Str. | Comp. Str. Ratio 
‘ T/C in 3 in | : ; T/Cin 
Lb. per sq. in.| Lb. per sq. in. wae cent Lb. per sq. in. | Lb. per sq. ia.) Wee dant 
| 

435 2582 16.8 504 2779 16.9 
434 25) 16.7 470 } 3249 | 14.4 
437 2484 17.6 463 | 3085 | 15.0 
420 2620 16.0 487 3011 16.1 
420 2402 17.4 472 3143 15.0 
379 1943 19.5 452 2805 16.1 
396 2063 19.1 480 2835 16.9 
418 1852 22.5 481 2394 20.1 
2167 17.7 481 2445 19.6 

395 2119 18.6 494 2669 18.5 
3075 16.5 496 3680 13.5 

521 2872 18.5 490 2920 16.7 
563 3024 18.6 491 3151 16.1 
483 3042 15.8 541 3186 16.9 
563 2932 19.2 500 3375 14.8 
545 | 3184 17.1 512 3329 15.2 
486 | $201 13.4 513 | 3350 | 15.2 
519 | 3622 14.3 491 3580 13.7 
496 | 3291 15.3 520 3342 15.5 
530 3045 17.4 467 3373 13.8 
447 2634 16.9 505 | 2760 18.3 
466 2827 16.4 513 2878 17.8 
477 2852 16.7 184 2372 20.4 
459 2312 19.8 489 3149 15.5 
479 | 2563 18.6 535 | 2587 20.6 

Average 490 2859 16.98 











Note.—-Each value the average of ten tests. 





(28-day period.) 
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valve. (See Figs. 1 and 2.) Calculations include overhang of specimen, 
extension arm and the weight of shot or water required to cause failure. 
By this method a uniform application of load is made possible and, fur- 
ther, more than one break may be obtained for a check. Exact coincidence 
of results is not uncommon with the use of this machine while results on 
the same specimen rarely vary over small percentages. To compare results 
of this type of testing with those of the compression test, 700 beams, 
6 x 8 x 30 in., were broken in two places with the cantilever testing machine 
and cores drilled from the three remaining pieces tested in compression. 





FIG. 3.— BEAM SPECIMEN AFTER BEING TWICE TESTED, AND CORES DRILLED 
FROM REMAINING SECTIONS. 


Thus three tests in compression and two in flexural strengths were obtained 
for each specimen beam. (See Fig. 3.) In Table III is given a tabulation 
of results of 15 specimens chosen at random from 200 beams tested in the 
first series. In the case of both the compressive and transverse strengths 
the percentage difference is calculated on a basis of the minimum strength 
observed. In Table IV is given the results of 500 tests of transverse and 
compressive strengths on 1: 2: 3% mixed concrete with different coarse and 
fine aggregates and the ratio of transverse to compressive strengths. 

In addition to the accuracy of the cantilever testing method another 
factor of interest is its great economy. Heretofore, testing of concrete has 
comprised a series of highly technical methods requiring costly machines 
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and equipment only available in well equipped laboratories. The intro- 
duction of the cantilever machine has reduced the cost of equipment and 
machinery required to a negligible amount, made possible the testing of 
specimens in the field, and materially increased the accuracy of the test. 
The adaptability of this method to field conditions has proven of great 
value to the Illinois division. Economically, it has become more and more 
imperative that pavements be put in use as soon after construction as pos- 
sible and that some means be found of completing pavements during the 
construction season even though low temperatures exist. The cost of pro- 








FIG, 4.—SPECIMEN CLAMPED TO TRUCK AND READY FOR TEST. 


viding and maintaining suitable detours for traffic during construction 
periods is a very considerable item in any highway construction program 
not taking into account the enormous cost to the public of using these de- 
tours rather than the finished slab. Furthermore, many sections of vari- 
ous routes are left unpaved when, due to adverse weather conditions in the 
fall of the year, it is not possible to complete the work. This situation 
has been relieved in several instances by the use of an accelerated curing 
method closely controlled through field strength tests by the new cantilever 
method. 

In Illinois two accelerated methods have been used to cope with the 
difficulties already mentioned, These are (1) the use of calcium chloride 
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applied to the surface of the slab as a curing agent or the incorporation of 
the material in the mix as an admixture, and (2) the use of lumnite 
cement. 

The use of calcium chloride applied on the surface as a curing agent 
has been found, from field tests made with the cantilever apparatus, to 
produce proper curing in half the time required by the old methods. How- 
ever, when it is necessary to open a pavement to traffic as soon as possible 
or to pour concrete under low temperatures much more satisfactory results 
may be obtained with the use of calcium chloride as an admixture. 

In order to carry on construction with accelerated curing it is neces- 
sary to have some method of test which can be easily used in the field to 
ascertain the strength of the concrete at increasing ages, to determine the 

















FIG. 5..—SPECIMEN CLAMPED TO BRIDGE AND READY FOR TEST. 


intensity of the treatment necessary and finally to indicate when the slab 
is strong enough to carry traffic. It is particularly important to deter- 
mine the increase in strength as different brands of cement respond in 
different degree to calcium chloride as an admixture. Therefore, the suc- 
cess of these methods depends entirely on the correct analysis of the prob- 
lem in the field and subsequent checking by some accurate field test. For 
this purpose specimen beams are made in easily constructed forms of the 
same concrete used in the slab. These specimens are allowed to cure in 
the same manner as the slab and are broken at regular intervals in a 
testing machine which for the most part may be constructed on the job. 
In these field tests the specimens are held in cantilever by being clamped 
to the rear end of a truck or some nearby structure such as a bridge. (See 
Figs. 4 and 5.) The cantilever arm with its load container is then at- 


tached to the beam and the load applied. The loading medium generally 
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used is water applied by the mixer hose line, however, dry sand, shot or 
any free running material may be used. When the results of the tests 
show the strength of the concrete has increased to that used in the design 
formula it is definitely known that the pavement may be subjected to 
traffic without danger of failure. Or, when the concrete is laid during low 
temperatures it will be definitely ascertained that the proper strength has 
been gained. Illinois has opened some pavement for traffic in as short a 
time as 96 hours which would not have been advisable had it not been 
determined by means of the cantilever testing machine that the concrete 
had gained sufficient strength to withstand the loads. 

It may also be seen that the use of this machine will solve many of 
the field problems of the materials engineers, for by its use the effect of 
questionable aggregates, cement, or weather conditions may be easily and 
accurately determined under the same conditions as the actual construction. 








DISCUSSION. 


Joun Tucker, Jr. (By Letter).—The problem presented in the pres- Mr. Tucker. 
ent paper is of statistical interest, dealing with the relative strength 
dispersion of two dissimilar structural elements made of one material. 
The two forms, however, measure two different strength qualities—pure 
tension in the beam, and the usual compound shear and compression fail- 
ure exhibited in the test cylinder. The test beam, measuring the tensile 
strength of the material, is of value only as indicating the merits of 
that material to resist tensile stresses. To use the test beam as an indi- 
cator or check upon the value of the material in compression would 
require exhaustive tests to establish the true correlation between the 
tensile and compressive strengths, and to prove the validity of the rela- 
tionship independent of all types and selections of sand, gravel, cement, 
water ratio, ete. 

In pavement design tensile strength is of great value, far more so, 
according to Messrs. Teller and Pauls* than the compressive strength, and 
in this case the beam is the ideal test specimen. Furthermore, the existence 
of a definite relationship between the tensile and compressive strength 
of the material, is in this case of no importance whatsoever. 

The writer has made a study of the strength dispersions of compres- 
sive cylinders of varied diameters, and has been successful in developing 
a mathematical relationship between the magnitude of the dispersions 
and the cylinder diameter. The problem of the present paper, to show 
the relationship between the strength dispersion of different qualities of 
the material, as well as for elements of dissimilar form, is far from 
difficult of solution upon a theoretical mathematical basis. 

The basis of computation of the ultimate tensile stresses in the 
beams has not been given in the paper, the numerical values seeming to 
indicate the computation upon the assumption of the neutral axis at mid- 
beam, whereas the computation should be based upon the actual position 
assumed by the neutral axis, as experimentally determined. The position 
of the 8-in. dimension of the beam as tested, and the diameter of the 
compression test cylinders have not been given in the paper. 

In the study of a problem such as the present, the measure of the 
dispersion should be given as the standard deviation, §, and not by the 
maximum and minimum values. The standard deviation is given by the 
equation : 

Zv 

n-1 

where 
» is the variation of the individual specimen from the mean value; and 
n is the number of specimens. 


*Paper, “Concrete Pavement Design,” J-314, this volume. 
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CONCRETE PAVEMENT DESIGN. 


By L. W. TELLER* AND J. T. Pauts.** 


INTRODUCTION. 


One of the most outstanding developments in this country during the 
past few years has been the phenomenal growth of motor transportation. 
The production of low cost motor equipment and cheap motor fuel have 
created a demand for improved highways. The highway engineer has been 
faced with the urgent necessity for the design, construction and mainte- 
nance of a sufficient mileage of highway, of a type best suited to the con 
ditions of location, traffic and funds available. 

To meet this insistent demand many types of pavement have been built, 
among the most important of which is that of portland cement concrete. 
Unfortunately, research has not kept ahead of construction, and many 
pavements have been laid down without a proper appreciation of the many 
factors affecting the design, and often the result has not been satisfactory. 
The intensive highway research of the past few years has supplied much 
information hitherto lacking, so that we are today much nearer to rational 
concrete pavement design than we have ever been. It will be evident that 
our methods are not entirely rational and that there is a real need for 
continued highway research. 

The problem of pavement design at once resolves itself into two parts; 
the first, that of forming a correct estimate of the forces which will act 
upon it; the second, that of so designing the structure of the pavement 
that it will resist these forces with maximum economy. In other words, 
the same two fundamentals that are met in every problem of structural 
design are involved in the design of a concrete pavement, and in the study 
of pavement design we will find that the difficulty is largely with the first 
of these problems due, in a great measure, to the influence of the subgrade. 


Tue SUBGRADE. 


The pavement, as a structure, must depend upon the underlying sub- 
grade for support. The character and condition of this subgrade have been 
shown, both by experience and by research, to greatly affect the behavior of 
the pavement throughout its life. Therefore, it becomes most important to 


*Engineer of Tests, U. 8S. Bureau of Public Roads. 
**Associate Highway Engineer, U. S. Bureau of Public Reads. 
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acquire some knowledge of the various properties of the materials which 
comprise the foundation upon which the concrete road and its burdens must 
be carried. 

Consider for a moment the source of these materials, and it becomes 
apparent why they vary so widely in their characteristics. Originating 
from parent rocks differing greatly in composition, broken down by the 
destructive forces of nature acting over long periods of time, carried and 
deposited by wind, by water, by ice, subjected to physical and chemical 
agents of every sort, the final product may be anything from solid rock to 
a finely divided colloidal material. The physical properties of these mate- 
rials vary at least as widely as their structure, yet it is over these soils 
that the pavements must be laid, so that their study, however complex, is 
imperative. 

The subject of subgrade soils has received a great deal of attention in 
the past few years, and this research has yielded certain laboratory and 
field tests and methods of study which enable the highway engineer to make 
a more intelligent estimate of the foundation conditions for the pavement 
he is to build. 

For the purposes of soil identification, it is now generally conceded 
that the methods and nomenclature developed through years of experience 
by the Bureau of Soils of the Department of Agriculture are the best. A 
very considerable part of the United States has been accurately mapped 
and these soil maps are already available. Soil experts can furnish not 
only exact identification, but much valuable information as to the drainage 
characteristics of the various soil types as well. 

During the past five years the U. 8. Bureau of Public Roads has been 
developing standard laboratory tests for subgrade materials with the view 
toward determining their field behavior. These tests were intended to indi- 
cate certain characteristics of the various materials which might influence 
their behavior under a pavement. Any detailed description of these tests 
would lengthen this discussion unduly, but a brief description will serve to 
emphasize those properties which at present seem most important from a 
design standpoint. 


The dominant characteristics of a good subgrade appear to be: 


1. Uniform structure. 

2. High percentage of crystalline material. 
3. Good internal drainage. 

4. Low volume change. 

5. Low moisture retaining capacity. 

6. High bearing value. 


To study these and other possible properties, the following tests have 
been developed: 


1. Mechanical analysis. 
2. Dye absorption. 
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3. Moisture equivalent. 

Percentage of capillary moisture. 
Shrinkage value. 

Moisture retaining capacity. 
Comparative bearing values. 


PrP 


Mechanical Analysis.—The method employed is a modification of that 
used by the Bureau of Soils. The classification depends on the size of the 
particles, as follows: 


Size Limits of Particle 


Classification Millimeters 
1. Coarse material i Above 2.000 
2. Fine gravel 2.000 .... 1.000 
3. Coarse sand 1.000 .... 0.500 
4. Medium sand 0.500 .... 0.250 
5. Fine sand 0.250 .... 0.100 
6. Very fine sand 0.100 .... 0.050 
7. Silt 0.050 .... 0.005 
8. Clay 0.005 .... 0.000 


The silt and clay are removed by washing, regulated by microscopic 
examination. The percentages of material of each size larger than silt are 
then determined by sieve analysis. The silt and clay are separated by cen- 
trifuging, control of this process being through frequent microscopic meas- 
urement of the suspended particles. 

One difficulty which has always attended the interpretation of labora- 
tory tests of subgrade soils, has been the apparent lack of close inter-rela- 
tion of the various properties. It has seemed that many of the character- 
istics of the materials should be a direct result of the grading of the soil. 
It has been suggested that, as it appears that the finely divided particles 
are the cause of much of the so-called “bad” subgrade materials, we must 
determine more closely the grading of these very fine particles. Soil phys- 
icists have attempted this, but so far the methods for making this deter- 
mination are in more or less of an experimental stage and are merely mem- 
tioned here as a development which may yield most valuable results. 

Dye Adsorption.—Soils which contain very finely divided material have 
the power to de-colorize aniline dye solutions which pass through them. 
This property is, then, an indication of the amount of this finely divided 
material which is present in the soil. It also appears to be true that 
these same fine materials make for plasticity, an extremely undesirable 
characteristic in a subgrade material. There are at present difficulties in 
the interpretation of these dye adsorption values, but it may be stated that, 
in general, a high dye adsorption number is indicative of a poor subgrade 
material. 
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Moisture Equivalent.—This test was developed some time ago by soil 
physicists and consists of a determination of the moisture retained by a 
saturated sample after it has been subjected to a centrifugal force of 1,000 
times that of gravity for a definite period of time. Various soils differ 
greatly in this respect, and apparently this test is most significant as a 
measure of the ease with which the soil under consideration may be 
drained. Sandy soils retain little or no moisture; very plastic clays may 
retain over 50 per cent of their moisture under this test. A very simple 
“field” moisture equivalent test has been developed which appears to check 
the laboratory method quite closely over the central part of the range of 
moisture equivalent values. This test is described elsewhere.’ 


Capillary Moisture.—A laboratory determination of the amount of 
moisture which a soil may absorb through capillary action gives important 
indications as to the field moisture to be expected under a pavement, due 
to the capillary lift from the water table below. Soils having low per- 
centages of capillary moisture are desirable for subgrades. 


Shrinkage Values.—One of the most important characteristics of all 
subgrade materials is the tendency to change in volume under a change in 
moisture condition. Sandy soils change very little, but the volume of cer- 
tain clays may change as much as 50 per cent or more. Under a pavement 
the moisture conditions are not uniform. Test borings have shown the 
moisture content near the edge to be quite different from that in the center 
of the pavement. In a soil whose volume change (or shrinkage value) is 
large, this will obviously lead to uneven support or very probably to no 
support at all under the edges of the pavement. Actual, measurable sep- 
aration between the slab and the subgrade occurs and it is not uncommon 
to find many longitudinal cracks in pavement laid on this type of subgrade. 
It is most desirable, therefore, to have as a subgrade a material whose 
volume change is small, and this laboratory determination of the shrinkage 
value serves to measure this important property. 


Moisture Retaining Capacity.—This is a laboratory determination of 
the maximum amount of moisture which the soil is capable of retaining. 
It is another measure of the drainage tendencies of the material, being 
closely allied to the moisture equivalent test. For this reason it has been 
discontinued as a routine test. As a general rule, the higher the moisture 
capacity of the soil, the less desirable the material is for a subgrade. 


Comparatiwe Bearing Valuwe.—Many attempts have been made to devise 
some field or laboratory test which would indicate the relative bearing 
value of various soils. The problem is extremely complex and the results 
of such research as has been done have not been entirely satisfactory. These 
are indications that soils do have a very definite bearing value, but further 
research is needed to properly interpret this test. 


1 Practical Field Tests of Subgrade Soils, by A. C. Rose. Public Roads, Vol, 
5, No. 6, August, 1924. 
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All of these tests have been described in detail elsewhere.’ 

Turning now from the testing laboratory to the field, let us estimate 
the situation. We know that almost any material, if confined against dis- 
placement and kept dry, will make a good subgrade. An example of this 
is found in the brick roads of Florida. Here a loose, dry sand is used to 
carry a brick pavement simply by confining it at the edges. In this case 
the very nature of the material supplies the drainage. But this is an ex- 
ceptional condition. Usually it is not necessary to supply curbs to con- 
fine the subgrade, but the problem of drainage becomes of increasing im- 
portance as the type of subgrade material changes from sand to clay. 

All of the data so far submitted indicate that so far as this country is 
concerned, the character of the clay remaining constant, good subgrade 
soils have a low clay content by mechanical analysis and bad subgrade 
soils are characterized by a high percentage of clay.’ 

Certain exceptions to this have been pointed out by H. H. Bennett,* 
who says further that 

“Clays of uniform red, brown and deep yellow colors are better oxi- 
dized than those of whitish, grayish, bluish and pale yellow colors, or 
mottlings of these colors, and they almost invariably are better drained, 
shrink less on drying, swell less on wetting and are much firmer (less 
miry) in the presence of excessive moisture. 

“Water passes slowly through the light-colored and mottled plastic 
clays; they become saturated with penetrating moisture and eventually 
soft and unstable.” 

These soils which are so difficult to drain present the chief subgrade 
problem which the highway engineer is called upon to solve, for, as has 
been said before, if subgrade materials can be kept relatively dry, little 
trouble will be experienced with them. 

Water enters the subgrade in a variety of ways. It should be empha- 
sized that it is the moisture in the soil immediately under the pavement 
with which we should be most concerned. Often it is largely surface water 
which is not properly cared for and seeps into the subgrade around the 
edges and through the cracks and joints of the pavement slab. Another 
source is that of water vapor which, rising through the soil pores, becomes 
condensed against the lower surface of the pavement and drops back as 
free water to saturate the upper portion of the subgrade. Other moisture 
is being continually drawn into the subgrade from the surrounding soil by 
the capillary action of the material itself. Then, again, there are often 
porous strata which at certain seasons of the year become water-bearing 
and carry water into the subgrade where, no exit being provided, it col- 
lects and a bad subgrade condition results. 





2 Physical Properties of Subgrade Materials, by J. R. Boyd. Proceedings, 
American Society for Testing Materials, Vol. 22, 1922. 

* Researches on the Structural Design of Highways by the U. S. Bureau of 
Public me by A. T. Goldbeck. Transactions, Am. Soc. C. E., Vol. 88, p. 

192 





"? ‘Clay Soils in Relation to Road Subgrades, by H. H. Bennett, soil scientist. 
Public Roads, Vol. 6, No, 8, October, 1925. 
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In building a pavement over any subgrade material whose character- 
istics are such that an increase in moisture results in a marked decrease 
in stability, exceptional precautions must be taken, either to keep the 
moisture content low or to change the character of the material. 

As a general rule, any treatment of the subgrade which would increase 
the stability of an earth road, over the same location, will improve its 
stability as a subgrade. This is the thought behind the so-called “pro- 
gressive method” of road building, where by gradually improving and 
stabilizing the earth roads, an ideal subgrade is provided against the time 
when a high type pavement will be needed to carry the traffic on the same 
location. 

Some of the treatments which have been used in the past for the im- 
provement of bad subgrades are: 


1. The use of granular materials as a layer immediately under the 
pavement. 

The admixture of various materials with the subgrade soil. 

3. Increasing the depth of the side ditches. 

The use of drains parallel to and along the edges of the pavement. 

The provision of drains to intercept all porous strata which may 
become water-bearing. 


9 


~ 


Granular material added as a blanket or layer immediately under the 
pavement is being tried in a number of states, both as regular practice and 
as an experiment. There seems to be considerable virtue in the treatment, 
which is usually not unduly expensive and is not difficult to apply. This 
method needs careful design and supervision, however, as it is most impor- 
tant that thorough drainage be provided at all times for this porous layer. 
Otherwise, it will simply collect excessive moisture and the bad condition 
will be further aggravated. 

A number of attempts have been made to improve unstable subgrades 
through the admixture of various materials such as sand, portland cement 
and lime. These experiments have usually resulted beneficially, although 
somewhat costly and presenting construction difficulties. This treatment 
aims to so alter the material in the subgrade that it will have low volume 
change and good supporting power under existing moisture conditions. 
Fig. 1 shows some interesting experimental data which indicate the effect 
of admixtures in various amounts on the volume change of a bad clay. 
This work is further described elsewhere.* 

Increasing the depth of the side ditches will insure the carrying away 
of surface runoff, especially during spring thaws, and will tend to reduce 
the normal moisture content. 

Drains along the edge of the pavement will, if kept free, effectively 
prevent surface water from entering the subgrade. It is obvious that the 


* The Present Status of Subgrade Studies, by A. C. Rose. Public Roads, Vol, 
6, No. 7, September, 1925. 
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difficulty will lie in keeping these drains open, particularly in very cold 
climates. 

When cuts are made across the natural stratification, it often occurs 
that a porous stratum overlying an impervious layer will be uncovered. 
Such a condition, if not properly cared for, is a likely source of future 
trouble because, during the spring thaws or following a period of heavy 
precipitation, this porous layer may become water-bearing. Hence it is 
important that it be intercepted with a drain before it comes under the 
pavement. 

Attempts have been made to meet bad subgrade conditions by building 
a stronger pavement, but this practice does not get at the source of the 
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FIG. 1.--£FFECT OF VARIOUS ADMIXTURES ON COVE CLAY. 


trouble and it seems probable that as more is learned of subgrade materials 
and subgrade treatments a better solution will always be possible at less 
cost. 

This brief discussion of the situation regarding subgrades as they affect 
pavement design will simply emphasize the complexity of the problem and 
the need for further research. Progress has been made and some remedies 
have been found which may be applied in practice, but the average sub- 
grade as we know it today must be considered as a foundation which can 
not be depended upon to furnish good uniform support to the pavement at 
all times, because its physical state is constantly changing under varia 
tions of moisture and temperature, 
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CHARACTERISTICS OF THE CONCRETE IN THE PAVEMENT, 


If an engineer is to successfully design a structure he must first thor- 
oughly acquaint himself with the properties and characteristics of the ma- 
terials which he expects to employ in his design. This is just as true for 
a concrete pavement as for a steel bridge, yet it is a fact which too often 
has been overlooked. 

Portland cement concrete has certain definite characteristics which 
govern its behavior in a pavement when it is subjected to the various nat- 
ural forces and to those of traffic. These characteristics can best be illus- 
trated by the study of a concrete pavement from the moment the concrete 
is placed until after the road has been opened and traffic comes upon it. 

Practically as soon as the concrete is in place it begins to harden or 
“set up.” Although it has little strength, it is called upon to resist cer- 
tain forces. The surface of the concrete begins to dry out and this evapora- 
tion is aggravated by wind or hot, dry weather. This loss of moisture 
produces shrinkage in material which has as yet developed practically no 
strength. The result is surface checks or hair cracks whose significance 
should not be under-estimated. It is extremely important, therefore, that 
the surface of the pavement be kept moist from the earliest possible 
moment, . 

Moisture may also be lost from the bottom of the slab through the 
“blotting” action of a dry subgrade. This moisture passing into the sub- 
grade, in addition to causing shrinkage in the concrete, may result in 
considerable volume change in the soil itself with consequent strain to the 
pavement. An example of the effect of this type of moisture loss to the 
subgrade in the loess soil of lowa is described by R. W. Crum,’ who states 
that the use of tar paper over the subgrade was used to combat this tend 
ency with considerable success in the case described. 

In any event, it is important to have the subgrade thoroughly moist 
at the time the concrete is laid; a superficial sprinkling does little if any 
good, 

If shrinkage of the concrete occurs, the slab as a whole tends to move 
on the subgrade. This movement is resisted by the forces of friction which, 
if allowed to develop, will soon exceed the small tensile strength of the 
green concrete. For this reason the pavement must be kept wet during 
its curing period, This should be for a period of several weeks, although 
usually two to three weeks is allowed, The pavement is then uncovered 
and allowed to dry out, the material contracts and movement over the 
subgrade begins. As previously remarked, this movement is resisted by the 
friction developed between the pavement and the subgrade. If the pave 
ment has been divided by expansion joints at frequent intervals, this con 
traction is taken care of; if not, the tensile strength of the concrete will 
be exceeded and transverse cracks will be formed to relieve this tension, 


et 


‘Tar Paper on Loess Subgrade Lessens Hair Cracks in Concrete Pavement, 
ty Kh. W. Crum, Publie Roada, Vol, 6, No. 6, Auguat, 1925, 
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The higher the tensile strength which has been developed up to this time, 
the less frequent will be these cracks. 

Another phenomenon which takes place more or less from the time the 
pavement is laid is that of warping. This is due to a temperature differ- 
ential between the upper and lower surfaces of the pavement. The upper 
surface responding to variations in temperature of the air expands and 
contracts. The change in temperature under the slab is far less and the 
result is a flexing of the slab. This causes bending stresses due to the 
weight of the slab itself. As the warping is caused by a difference in tem- 
perature between the top and bottom of the pavement slab, such curing 
methods as will reduce this difference will help to overcome the possible 
weakening of the slab due to warping. 

The same agencies which cause contraction of the concrete also cause 
expansion and, while ordinarily the early compressive strength is high, it 
is possible that excessive compression between two slabs might cause suffi- 
cient transverse tension to crack the pavement longitudinally. 

Traffic coming upon the road introduces heavy wheel-loads at all points 
of the pavement slab. These may move slowly and smoothly along the 
pavement or they may be accompanied by severe impact. Such loads cause 
heavy bending stresses to be set up and often the time elapsing between 
these load applications is small. 

Finally, as time passes the action of traffic and the natural agencies 
of temperature and moisture tend to break down the surface of the pave- 
ment, so that the material must be dense and resistant to these attacks. 

We have, in this brief consideration, indicated certain properties of 
concrete which it is necessary to study somewhat in order to proceed with 
the design of a pavement. These characteristics might be summarized as 
follows: 


Expansion and contraction due to changes in moisture. 
Expansion and contraction due to changes in temperature. 
Tensile strength. 
Resistance to bending. 
Compressive strength. 
Modulus of elasticity. 
Resistance to repeated stress. 
Resistance to surface wear or disintegration. 

It will be well to review some of the important indications of our 
present knowledge concerning these various properties of concrete for pave- 
ment purposes. 
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Expansion and Contraction of Concrete due to Changes in Moisture.— 
It is a rather well-known fact that concrete possesses the property of ex- 
panding and contracting under changes of moisture conditions. This has 
been established by various experiments, among which are those conducted 
by the Bureau of Public Roads some fifteen years ago. Fig. 2 shows some 
of the data obtained in this investigation. Other experiments have, in 
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general, substantiated these results and also emphasized the effect of vari- 
ous cements, aggregates and other factors upon the amount of this expan- 
sion. Apparently the concrete remains expanded so long as it is kept wet 
and begins to shrink as soon as the moisture content is decreased. In the 
tests mentioned the maximum expansion was 0.01 per cent and the shrink- 
age was about 0.05 per cent upon complete drying out of the specimen. 
Another important fact brought out was that the presence of steel rein- 





FIG. 2.-EXPANSION AND CONTRACTION OF CONCRETE, 


forcement reduces this expansion and contraction. This will be again re- 
ferred to later. 

The effect of this shrinkage on a pavement is to cause tensile stresses 
to be set up which may exceed the strength of the concrete and cause 
cracks. It is most important, therefore, to reduce the contraction to a 
minimum and to delay its occurrence as long as possible in order that the 
concrete may develop its strength. 


Expansion and Contraction of Concrete due to Temperature.—It is also 
well-known that concrete, like most other materials, expands when its tem- 
perature is raised and contracts when its temperature is lowered. The 
exact amount of this change apparently depends on a number of factors, 
such as mix, age, temperature and the characteristics of constituent mate- 
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rials. There is evidence that the value of the co-efficient increases some- 
what with the richness of the mix and Dr. W. K. Hatt’s experiments at 
Purdue would seem to indicate considerable variation in its value over a 
moderate temperature range. He found a value of 0.0000040 at 60 deg. F. 
and a value of 0.0000065 at 150 deg. F. The generally accepted value for 
design purposes has been 0.0000055. To visualize what this amounts to, let 
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FIG. 3.—MODULUS OF RUPTURE TEST CURVE FOR A CONCRETE BEAM. 


us express it in terms of a concrete pavement one mile long, and note that 
the difference in length of this mile of pavement may be something like 
two feet from summer to winter. Just as in the case of moisture changes, 
the result of this will be tensile stresses set up in the concrete. 


Tensile Strength—We have seen how contraction of a pavement due 
to moisture change or temperature change produces direct tension in the 
concrete which must be resisted by its tensile strength. If two long slabs 
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expand toward a common plane such as a construction joint and high com- 
pressive stress results in the ends of the two slabs, it is possible for trans- 
verse tensile stresses to be set up sufficient to cause short longitudinal 
eracks to form before any failure by compression occurs. Short longi- 
tudinal cracks starting from a transverse crack or joint are very probably 
caused in this way. 

There is need for more experiment on the resistance of concrete to 


direct tension. What meager data there are seem to indicate that this © 


tensile strength is very roughly 10 per cent of the compressive strength, 
but this is very unsatisfactory as the effect of the many variables is not 
known. : 


Modulus of Rupture.—Heavy wheel-loads passing over the pavement 
produce bending stresses, as does the weight of the slab when warping 
oceurs. These two conditions often occur simultaneously and to resist 
them, without cracking, concrete for pavement purposes should possess 
high resistance to bending, especially at the time the curing is completed. 
This is a property of foremost importance. Tests for the purpose of meas- 
uring this quality have taken a variety of forms and have not been wholly 
satisfactory. The difficulty seems to have been to obtain check tests on 
the same concrete. Recently a new method for making this determination 
has been developed experimentally and seems to give promise of closer 
check tests. Fig. 3 shows a typical modulus of rupture test curve in which 
the fiber deformation was measured in both the top and bottom. 


Compressive Resistance of Concrete—Concrete in a pavement will 
never be stressed to the limit of its compressive strength. Failure in other 
forms will occur before this can happen. Buckling or “blow-ups” are the 
form in which a pavement under high compression usually finds relief. 
Consequently, from a design standpoint compressive strength, as such, is 
not of great importance. It is, however, a measure of the quality of the 
concrete and thus serves a most important purpose. It has been the yard- 
stick by which the effect of the many factors which affect the strength of 
the concrete has been measured. If a concrete for a pavement develops a 
compressive strength of 3,0(~ lb. at 28 days, we know that it is of excellent 
quality and we may reasonably expect that its strength, in general, is of 
similar quality. 


Modulus of Elasticity.—This is a measure of the stiffness of concrete 
or the ratio of load to resulting deformation. It is commonly determined 
in compression because of the ease with which it may be done. Such data 
as are available indicate that for practical purposes its value in the case 
of tensile stresses may be assumed to be the same as in compression. As a 
general rule, the better the concrete the higher the modulus value to be 
expected and the nearer the stress-strain curve will approach a straight 
line. Pavement concrete may have a modulus of elasticity of over 5,000,- 
000, but a safer assumption for design purposes would be 3,000,000. Con- 
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crete is not perfectly elastic, but remains in a somewhat deformed condition 
after the load is released and this deformation gradually disappears with 
the passage of time. 


Resistance to Repeated Stress.—As a wheel-load passes over a slab 
both tensile and compressive stresses are set up in the pavement, and as 
the wheel progresses across the pavement these stresses are reversed and 
finally released. Highways on which concrete pavements are laid are usu- 
ally heavily travelled, which means that this cycle of stresses may occur 
several thousand times during twenty-four hours. Research has definitely 
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FIG, 4.-—-FATIGUE ENDURANCE LIMIT FOR CEMENT MORTAR BEAMS. 


shown the marked reduction in resistance which concrete has to stress 
when that stress is repeated frequently. Fatigue in concrete has been the 
subject of several series of experiments and the results of the several in 
vestigations are, in general, concordant. Fig. 4 shows some of the results 
of tests on cement mortar beams at Purdue University, under the direction 
of Dr. Hatt, which indicated that, in dry concrete, the effect of fatigue 
becomes apparent when the stress exceeds 54 per cent of the modulus of 
rupture. Below this value, apparently, the stress can be repeated indefi- 
nitely; above, comparatively few applications may cause failure. If the 
concrete is in a saturated condition, apparently a somewhat lower value is 
critical. Concrete pavements are rarely saturated but, conversely, they are 
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seldom in the dry condition of a laboratory specimen. To the best of our 
knowledge, then, because of fatigue it would not be safe to design for 
stresses in excess of 50 per cent of the modulus of rupture where there is 
likelihood of frequent heavy loads. 


Resistance to Wear.—The ability of a good concrete pavement to resist 
the abrasive action of traffic and the weathering action of moisture and 
temperature is one of its important properties. To have this resistance. 
it must be dense and impermeable. Such concrete is obtained only by care 
ful design and construction. Some of the important factors which affect 
the resistance to wear of concrete pavements have been definitely indicated 
by the field tests at Arlington, Va., and the conclusions reached are of such 
importance that they will be extracted from the published report,’ as 
follows: 


1. That the rate of wear of stone concrete is, in general, not affected 
by the coarse aggregate provided the coarse aggregate is equal 
superior to the mortar matrix in resistance to wear. 

That excessive wear will result from the use of very soft stone as 
coarse aggregate, even though used in conjunction with a mortar of 
satisfactory quality. From the results of these comparative tests. 
it would appear that stone with a percentage of wear over 7 should 
not be used in the wearing course of concrete roads. 


te 


3. That gravel concrete, in general, is at least as satisfactory from 
the standpoint of wear as stone concrete. 

4. That gravels consisting essentially of siliceous materials are su 
perior as regards both the amount and uniformity of wear to those 
containing a preponderance of calcareous fragments. 

5. That gravels consisting of rounded particles are as satisfactory 
from the standpoint of wear as those consisting either wholly or 
in part of angular or crushed fragments. 

6. That small amounts of shale occurring in the coarse aggregate will 

cause both excessive and uneven wear. 

That the modified abrasion test for gravel in its present form is 


not an indication of the wear-resisting properties of coarse aggre- 
gates. It is suggested that if the severe impact action of the steel 
balls were decreased much more indicative results would be secured. 

8. That blast-furnace slags should prove satisfactory for use in con 
crete pavements provided the proportion of light, porous slag is so 
controlled that the weight per cubic foot will be at least 70 Ib. 

9. That the presence of large amounts of light, porous fragments in 
blast-furnace slag will cause excessive wear. 


_ 


0. That somewhat better results are secured by the use of the smaller 
sizes of slag. 


* Wear of Concrete Pavements, by F. H. Jackson and J. T. Pauls. Proceed 
ings, A. S. T. M., Vol. 24, 1924, p. 895. 
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That slag or stone screenings are, in general, unsatisfactory as sub- 
stitutes for natural sand as fine aggregates in concrete road con- 
struction. 

That the copper and lead-smelter slags used in these tests would 
make satisfactory aggregates for concrete road construction from 
the standpoint of wear. 

That coarse sands, other things being equal, show greater resistance 
to wear than fine sands. 











FIG. 








5.—-TYPICAL CRACKING OF CONCRETE PAVEMENT FROM POOR CURING. 


That the so-called “tensile-strength-ratio” test is no indication of 
the wear-resisting properties of concrete made with these sands. 
That the Talbot-Jones wear test is not, in general, an indication of 
the wear which takes place under traffic. 

That neither the crushing nor the transverse strength of concrete is 
a measure of its wear-resisting properties. 

That the addition of hydrated lime in the proportion used in these 
tests does not affect the wear-resisting properties of concrete. 
That so far as resistance to wear alone is concerned, increasing the 
cement content beyond a cement-sand ratio of 1: 2 does not mate- 
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rially affect the concrete. Leaner mixes, on the other hand, show 
marked increases in wear. 

19. That unusual precautions should be taken in using mine.chats or 
other similar harsh-working materials, so as to increase workability 
to a maximum and thus make possible a smoother surface finish. 

20. That, other things being equal, either an excessively dry or an ex- 
cessively wet mix will show less resistance to wear than concrete of 
medium consistency. 


CURBING. 


In considering the various properties of concrete for pavement, pur- 
poses, curing has been touched upon. Curing affects all of these properties 
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FIG. 6.—FRICTION TESTS ON VARIOUS SUB-BASES, 


and through them the life of the pavement. It is of vital concern to the 
designing engineer, because it determines what strength values’ he may 
safely assign to the material he employs. 

It can be shown by a simple calculation that the cracking which occurs 
in the pavement at the time when contraction is allowed to proceed is in 
direct proportion to the tensile strength which has developed at that time. 
If proper curing has been neglected, a pavement may fail before it ever 
carries traffic. Instances of this are not rare. Fig. 5 is typical of this 
effect and is included to stress the importance which ‘should be attached 
to proper curing of the concrete pavement. Unless this importance is fully 
realized, efforts toward proper design will be wasted. 
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Forces TO BE RESISTED BY THE PAVEMENT. 


In the consideration of the various properties of concrete which affect 
its behavior in the pavement, brief mention has been made of several of 
the forces that the road slab must be designed to resist. It is necessary 
now to study these forces somewhat more in detail in order to properly 
appreciate their influence on the design itself. 

Friction on the Subgrade.—Moisture and temperature changes cause 
corresponding variations in the length of the pavement slab. In order for 
the slab to vary in length, it must move over the subgrade. This move 
ment will obviously be resisted by the friction developed between the pave- 
ment and the subgrade. It is highly important that something be known 
of the magnitude of these forces of friction and the effect on it of some 
of the more common variables met in concrete highway construction. A 
study of the forces required to move a concrete slab over various subgrade 
conditions was made some years ago by the U. S. Bureau of Public Roads." 
These tests yielded valuable data on the magnitude of the friction co-offi- 
cient under the different test conditions. Figure 6 summarizes the results 
obtained. It was indicated that not only the type of subgrade material but 
its physical condition materially affected the co-efficient which, roughly, 
varied from 1 to 2. The higher figure is not a possible maximum, by any 
means, but may be considered a conservative value to use for design pur- 
poses. Laying concrete over badly rutted subgrades, over rock ledges, or 
over uneven old stone-road subgrades is bad practice as a consideration of 
the effect of increasing this friction on the subgrade will readily show. 


Eapansion and Contraction.—Because of the stresses developed by the 
constant effort of the concrete to drag itself over the subgrade against the 
forces of friction, so-called contraction cracks appear at intervals along the 
pavement. These cracks must be maintained, so generally some bituminous 
material is used as a filler with the unsightly result so common, giving an 
entirely erroneous impression as to the extent of the crack. If the con- 
traction and expansion of the pavement can be controlled at joints, what 
an improvement would be made in the appearance of our concrete high 
ways. Engineers, realizing this, have practically eliminated the longi 
tudinal crack by the longitudinal center joint. Although the usual cause 
of longitudinal cracks is not contraction of the concrete, it illustrates a 
control of cracking by the use of constructed joints, which may be applied 
to the other dimension of the road slab, Expansion and contraction are, 
as has been pointed out, the result of changes in (a) moisture content, (b) 
temperature. While it is doubtful if these two agencies will ever produce 
their maximum effects at the same time, yet for design purposes it will be 
safer to assume that they do. 

Let us examine the effect of each separately and see what their action 
will be. Moisture change affects concrete as it does wood. The change in 


* Friction Tests of Concrete on Various Sub-Bases, by A. T. Goldbeck, Public 
Roada, Vol. 5, No. 5, July, 1924. 
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length resulting from a given change in moisture condition varies consid- 
erably with the mix, size of specimen, and with the characteristics of the 
cement. But laboratory tests have indicated that concrete of a pavement 
mix may, under extreme conditions, contract 0.05 per cent upon drying 
out. This means a contraction of 0.6 in. in a 100-ft. road slab. As stated, 
this is an extreme case and probably will never be met in practice. How- 
ever, considerable shrinkage does take place and it is safe to assume that 
part of it is permanent, as even under very wet subgrade conditions it is 
not likely that the original moisture condition is ever regained. Dr. Hatt 
has shown that concrete beams, exposed to weather conditions, after six 
months are contracted 0.03 per cent from their original length.’ 

Temperature is responsible for much of the stress in our concrete pave 
ments. With a co-efficient which seems to depend on a number of factors 
but which for our purpose can be taken as 0.0000055, a contraction of 0.5 
in. may occur in a 100-ft. length of pavement. The magnitude of this tem 
perature effect will depend on the temperature conditions at the time the 
pavement was laid, but can easily reach the value given. If the pavement 
be laid in cold weather, very little contraction will be expected; but during 
the following spring, under combined hot weather and excessive moisture, 
expansion will take place which usually manifests itself by “blow-ups.” 
Therefore, it would seem that proper design should provide for expansion 
joints to take care of at least the greater part of this movement. 

As to the spacing of these joints, the problem is one of calculating the 
probable length of slab in which the forces of friction will develop to a 
value greater than the tensile strength of the cross-section, and then spac- 
ing the expansion joint slightly closer than the calculated strength. As 
sumptions will have to be made as to the co-efficient of friction and to the 
tensile strength of the concrete, which may properly be used. This method 
has been applied by A. T. Goldbeck,” who finds a probable length of 28.8 
ft. in plain concrete slabs. This value corresponds closely with the average 
length of slab found by C. A. Hogentogler in the recent survey of concrete 
roads conducted by the National Research Council, during which cracking 
in over 2,000 miles of concrete pavement was closely observed. 


Warping.—A difference in the moisture or temperature in the top and 
in the bottom of a pavement slab will result in a difference in length 
Obviously, if there is a difference in length, there will be curvature. If 
there is curvature, there will be a variation in support from the subgrade 
Research has again given us definite information. Over four years ago the 
Bureau of Public Roads made studies of warping which gave a very clear 
idea of the behavior of a road slab. During the day the edges of the pave 
ment curled down, creating pressures as high as 6 Ib. per sq. in. against 
the subgrade; during the night the corners came up something like 0.2 in., 


* The Effect of Moisture on Concrete, by W. K. Hatt Public Roads, Voi. 6 
No. 6. August, 1925 

"The Inter-relation of Longitudinal Steel and Transverse Cracks In Con 
erete Roads by A. T. Goldbeck Public Roads, Vol. 6, No, 6, August, 1925 
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completely leaving the subgrade. Dr. Hatt, in the paper previously men- 
tioned, observed an upward deflection of the corner of a slab of 0.2 in. due 
to moisture alone. This warping causes high stresses due, first, to the 
dead-weight of the slab itself, and second, to the unsupported condition of 
the edges under night traffic. The remedy is evidently to be found in a 
decrease of the size of the slab units of our pavement. 


Forces Propucep By TRAFFIC. 


So far we have considered only those forces which are exerted on the 
pavement due to climatological or other natural conditions. But the pave 
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FIG. 7.—TRAFFIC CENSUS FOR CONNECTICUT. 


ment is built to serve the needs of man and in so doing it is called upon 
to resist the action of traffic. In designing a pavement it is necessary to 
know or to predict what traffic it will probably have to bear. This is best 
accomplished through a traffic census. 


The Traffic Census.—In order to determine the flow of traffic over a 
state or even a county highway system, numerous highway traffic studies 
have been made. From these the character, density and distribution of 
traffic in the various parts of a great commonwealth may be closely esti 
mated. Fig. 7 shows such a traffic distribution map for the State of 
Connecticut. A study of such a map will show that the various arteries 
of the system bear considerably different amounts of traffic and that only 




















CONCRETE PAVEMENT DESIGN. 333 


a very few of the highways will be called upon to carry the very heavy 
vehicles. This is most important from a design standpoint, as it clearly 
shows that not all pavements should be designed for the heaviest traffic 
loads but rather for the type of traffic loads to which it is most likely to 
be subjected during its normal life, as indicated by such a traffic census 
as has been described. This prediction properly should take into account 
a normal rate of development for the particular community served by the 
highway under consideration. 





FOUR-WHEEL TRUCK 


2 16300 POUNDS ae mE 
15500 POUNDS §— On owe Axi 


ON ONE AXLE = 4 gms ig 

































































2 
ra) 
2 - 
210+ TIRE 8 a a es ileal 
< VA } 
3 V , 
4 
= Z j 
- 8t— —— ——— 
S Z SIX-WHEEL TRUCK 
= j 4 7.900 POUNDS 
z 4, 7900 POUNDS A ON ONE AXLE 16.700 POUNDS ON TWO AXLES 
= 6 V4 ONONEAXLE 74H 44°x10" = —____— —————————_—————_ 
VA 40'x6" | PNEUMATICTIRE | 
S V4 SOLID TIRE y 
$ , 
6 ot J 44 }__ 
= y y Z y) Z 
j | | 
= 2 : 4) VY VAL a 
= uy | 
= (/, J Z 4 | 
0 4 at 
3% 40 44 48 S46 8 72 & IB 


AXLE SPACING-INCHES 
FIG. 8.—STRESSES PRODUCED BY 4-WHEEL AND 6-WHEEL TRUCKS. 


The trend of motor vehicle design should also be duly recognized in 
making up this estimated maximum future wheel-load. For instance, the 
advent of the six-wheel or even the eight-wheel vehicle may have a very 
appreciable effect on pavement design. Recent investigations of the Bureau 
of Public Roads“ have demonstrated that such equipment causes no more 
stress in the pavement than four-wheel vehicles of the same axle load, irre- 
spective of the axle spacing. This will be seen by referring to Fig. 8. Cer- 
tainly this provides a more efficient use of pavements and if this type of 
unit meets with public favor, it will assist the highway engineer in meeting 
the demands of increasing traffic with pavements whose cost is not excessive. 


"The Six-Wheel Truck and the Pavement, by L. W. Teller. Public Roads, 
Vol. 6, No. 8, October, 1925. 
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Impact.—In speaking of wheel-loads we have so far considered only 
the actual dead weight of the truck wheel standing on the pavement. If a 
pavement were absolutely smooth, we could consider this as a maximum 
load condition, but such a road surface has not yet been built. Road rough- 
ness tends to produce varying wheel pressures or impact on the pavement. 
This impact effect is also a function of many other factors, such as tire 
equipment and speed. This subject of motor truck impact has received 
much study by the Bureau of Public Roads. It is very complex, but con- 
siderable information is now available concerning it. We know, for in- 
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FIG. 9.—VARIATION OF FIBER STRESS WITH SURFACE ROUGHNESS. 


stance, that a truck wheel traveling along an ordinarily smooth pavement 
at a speed of 12 to 15 miles per hour may readily produce wheel pressures 
against the pavement of several times the static magnitude. Fig. 9 shows 
how pavement stresses develop with road roughness on pavements of 
different thickness. Obviously, such impacts are very destructive to the 
pavement. 

There are indications in research now being conducted that marked 
fatigue effects are present under impact load conditions and this adds to 
the potentialities of wheel impact, although to what extent we do not yet 
know. The researches mentioned may assist us in evaluating the effect of 
these impacts on concrete pavement in order that they may be properly 
taken care of in future design. However, it will always be necessary to 
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minimize these impact effects by building our pavements smooth in the 
first place. That the importance of this fact is recognized is evidenced by 
measurements of road roughness recently made in one of the federal-aid 
districts with an instrument designed and built by the Bureau of Public 
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FIG. 10.—LATERAL DISTRIBUTION OF TRAFFIC ON AN 18-FT. PAVEMENT. 


Roads. These measurements show that since 1920 each year has shown an 
improvement in the smoothness of the surface of the concrete pavements 
laid, and that pavements laid during 1925 show only about one-half the 
surface roughness of those laid five years ago. 


Transverse Distribution of Traffic on the Pavement.—Having studied 
the various factors which influence the magnitude of the traffic wheel loads, 
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it is now important to learn something of the probable position of these 
loads-‘on the pavement. As a result of an investigation conducted by the 
Bureau of Public Roads,” there is some very valuable information on this 
subject. “ ‘The lateral distribution is shown by this study to be influenced by 
such factors as grades, curves, crown, shoulders, traffic lines, etc., as well 
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as by the type of traffic, but of greatest importance so far as pavement 
design is concerned, is the conclusion that, while heavy wheel-loads may 
pass over any point, the tendency is for this type of load to crowd the 
edge of the pavement. The significance of this will be touched on later. 
Fig. 10 shows. a typical distribution chart for an 18-ft. concrete highway. 


1 Transverse Distribution of Motor Vehicle Traffic on Paved Highways, by 
J.T. Pauls. Public Roads, Vol. 6, No. 1, March, 1925. 
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The conclusion to be drawn from the study of traffic loads is, then, that for 
maximum economy the cross-section should be designed for uniform 
strength. 


STRESS DIAGRAM SECTION NOI 
MAXIMUM UNIT OEFORMATIONS /N TOP OF SLAB 
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DESIGN OF THE SLAB. 


As a result of theoretical analysis, of stress measurements in various 
types of pavements, and of field investigations on the load-carrying ca- 
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pacity of different cross-section designs, the pavement of the thickened 
edge type has been shown to most nearly satisfy the requirement of uni- 
form strength. 

The Bates Road tests in Illinois some four years ago led to the adop 
tion of the thickened edge design as the most economical for maximum 
strength. Another major investigation, the Test Road at Pittsburg, Cali- 
fornia, gave the cross-section of this type the highest rating as a result of 
their traffic load tests. At Arlington, Virginia, the Bureau of Publi: 
Roads determined the maximum deformations which could be produced at 
various points in concrete pavement slabs of uniform thickness for any posi 
tion of the wheel-load. Some of these results are shown graphically in 
Fig. 11, and indicate very clearly that for a given load in a slab of uniform 
thickness the highest stresses obtainable are produced under a wheel when 
that wheel runs along the edge of the slab, indicating the edge of the slab 
as the weakest point. Further, they show that relatively high tensile 
stress occurs in the top of the slab when the wheel is on the corner of the 
slab. This stress, though high, is not so high as that along the edge, but 
is greater in magnitude than that caused by the same wheel load in the 
interior of this slab of uniform thickness. 

More recently the Bureau of Public Roads has made stress measure 
ments on pavements of the thickened edge design in the states of Illinois 
and Pennsylvania, and these indicate that uniform strength is obtained 
where the thickness of the central portion of the pavement is approxi 
mately seven-tenths of the edge thickness, providing that a longitudinal 
center joint of a type capable of transferring load is used. Otherwise there 
would have to be a provision for increasing the strength of the interior 
edge of the half slab. Fig. 12 shows a stress diagram obtained on one of 
these thickened-edge pavements. 

Dr. H. M. Westergaard, in a report to the Committee on Structural 
Design of Roads of the National Research Council, December, 1925, pre 
sented a most interesting theoretical analysis of the stresses produced by 
a given load at three points of a concrete pavement of uniform thickness, 
the interior, the corner, and the edge. 

To take one example from the tables he has calculated, it is indicated 
that in an 8-in. concrete pavement of uniform thickness, a wheel-load of 
10,000 Ib. will cause the following stresses, theoretically : 


Load at Resultant Fiber Stress» 
1. Interior. .:....:;. ..++++« 186 Ib. per sq. in. 
J sesecceeee 2568 Ib. per aq. in. 
CEES ce hon ce cadsasetehevves ss 273 Ib. per sq. in. 


making certain assumptions as to the properties of the concrete, subgrade 
stiffness, and area of load application. 

Thus do theory, experiment and practical road test all point to the 
thickened-edge type as the most economical cross-section. 
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The Corner Theory.—The researches just described have indicated that, 
all other conditions remaining constant, the highest stress which can be 
caused in a pavement of uniform thickness by a wheel-load is that directly 
under the load when that load is at the edge of the slab. When the wheel 
rests on the corner of the slab a stress, whose magnitude is somewhat less 
but still relatively high, occurs at a point somewhat removed from the 
position of the load. The exact calculation of these stresses is difficult and 
many assumptions are involved. An approximate solution of the one case 
where the load is applied at the corner has often been made by the applica- 
tion of the flexure formula to the corner of the slab, assuming it as a 
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FIG. 13.—-CORNER THEORY APPLIED TO THICKENED-EDGE SLAB. 


cantilever without subgrade support. This solution is shown in Fig. 13 
for both supported and unsupported corner conditions, It should be borne 
in mind that values arrived at by this solution are only approximate, 
because proper consideration is not given to a number of factors which 
would materially influence or modify the result. Among these may be 
mentioned impact, fatigue, subgrade support, cross-section and position of 
the load. Not all of these factors will have adverse effects. For instance, 
subgrade support is undoubtedly present to some extent in a majority of 
cases. Furthermore, it is unusual for a wheel-load to pass along the ex- 
treme edge of the pavement. It is probably due to such conditions that the 
corner theory has served its purpose so well. 
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The Section Modulus of Various Cross-Sections.—Design which does 
not result in economy has failed in its purpose. The object of the thick- 
ened edge design is to provide uniform resistance in all parts of the slab. 
Fig. 14 shows a number of cross-section designs for which the section 
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FIG. 14.—COMPARISON OF SECTION MODULI, 


modulus has been calculated across the corner at distances approximating 
those at which a corner usually fails from traffic loads. As the quantity 
of concrete required for each design is also given, this furnishes an inter 
esting comparison of the corner strength of the various sections with their 
cost per mile. 

Width of Pavement Slab.—The survey of the transverse distribution 
of traffic previously referred to” furnishes information from which the 
designing engineer may determine the proper width of pavement for the 
needs of the predicted traffic conditions. Fig. 15 shows the average dis 


——_— 


“Tranaverse Distribution of Motor Vehicle Traffic on Paved Highwaya, by 
J.T. Pauls, Public Roads, Vol. 6, No. 1, March, 1925 
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tribution of traflic on pavements of various widths of from 15 to 24 ft. 
Probably the most important indication is that concrete pavements carry- 
ing two-way traffic should not have a width of less than 18 ft. Pavement 
widths of from 18 to 20 ft. seem to be ample for two-way traffic. 


STEEL REINFORCEMENT. 


A great amount of information has been obtained during the past year 
regarding the value of steel reinforcement in general and the adaptability 
of the various types to particular conditions. The most extensive study 
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FIG. 15.—DISTRIBUTION OF TRAFFIC ON PAVEMENTS OF VARIOUS WIDTHS. 


of this problem is the field survey conducted by the Highway Board of the 
National Research Council under the direction of C. A. Hogentogler. In 
this investigation comparison was made between plain and reinforced-con- 
crete pavements and also between those in which various types of ateel 
reinforcement were used. 

The Bureau of Public Roads has made a continuous study of a special 
test pavement laid on the Columbia Pike, near Washington, D. C. This test 
road, which is approximately two miles in length, contains 32 experimental 
sections varying such features as thickness, reinforcement, and cross-section 
of slab. State highway departments have also been active in attacking 
this problem and the result of all of these efforts has been that now, for 
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the first time, steel can be used in the pavement design with some confi- 
dence that the results expected will be attained. 


In the past reinforcement has, in general, been added to the pavement 
as an added precaution against some unfavorable condition, such as bad 
subgrade, present or anticipated heavy traffic, to strengthen edges or cor- 


ners or to reduce cracking. 


Research has shown that steel cannot be economically used to increase 
the structural strength of pavement slabs. This was indicated in tests con 
ducted by the Bureau of. Public Roads several years ago,“ and has been 
substantiated by other investigators. The use of excessive amounts of steel, 
in addition to being costly, presents other difficulties. 

The field studies mentioned have indicated that steel reinforcement, if 
properly used, will not only not reduce cracking but may actually produce 
more cracking than would occur in a plain concrete pavement. The most 
general case of this kind found was that in which longitudinal steel was 
used in continuous bond for long distances, particularly where the bars 
were heavily grouped along the edges of the pavement. Under such con- 
ditions edge and corner cracks developed and, where the tensile strength of 
the steel exceeded that of the concrete cross-section, additional transverse 


cracking developed. 


Considering this observed behavior from the standpoint of theory, it 
would seem that there are very good reasons for at least some of these 


results. 


In the first place reinforcement cannot economically be used to prevent 
cracking in the pavement due to stress set up by temperature or by traffic. 
Steel does not function economically in any reinforced structure until 
cracking does take place. This is shown in the following table, which was 
calculated by A. T. Goldbeck in a paper previously mentioned.” 


TABLE SHOWING EFFECT OF LONGITUDINAL STEEL ON TRANSVERSE CRACKING. 


Amount of longitudinal steel 





Required spacing of transverse joints 


(1) 
For no inter- 
mediate cracks 





Feet 
EE MID a Siri'n Sio'vg Jenn ds 640 oe o.00 08 28.8 
4% in. round bars (a — 1.76 sq. in.).... 29.2 
8% in. round bars (a= 3.52 sq. in).... 29.6 
12% in. round bars (a — 5.28 sq. in.).... 30.0 


(2) 

For no wide inter- 
mediate cracks 
Feet 
28.8 
32.6 
65.2 


97.8 


Increased transverse cracking is to be expected where heavy steel rein- 


forcement is used with continuous bond for long distances. 


The reason for 


this is that when the transverse crack occurs in a plain concrete slab the 


44 Impact Tests on Concrete Pavement Slabs, by L. W. Teller. 


Vol. 5, No. 2, April, 1924. 


Public Roads, 


% The Inter-Relation of Longitudinal Steel and Transverse Cracks in Con- 
Public Roads, Vol. 6, No, 6, August, 1925. 


crete Roads, by A. T. Goldbeck. 
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concrete on either side of the crack is immediately relieved of all stress. 
In the case of the reinforced pavement the steel does not crack with the 
concrete and transmits considerable tension across the transverse crack into 
the adjoining slab. This tension shortens the length of that slab to a 
degree corresponding to the stress transferred. This effect was first re- 
marked in the study of the experimental sections on the Columbia Pike by 
the Bureau of Public Roads.” 

Heavy grouping of longitudinal steel along the edges of the pavement, 
when used in continuous bond for long distances, will cause edge cracks and 
corner cracks. Here, again, the cause is the transfer of stress across a 
crack by the steel. The rate at which this stress is taken up depends on 
the bond strength of the concrete. If the bond strength accumulates faster 
than the tensile strength of the concrete across the section involved, a fail- 
ure in tension will occur. On the other hand, if the tensile strength 
exceeds the bond developed, a bond slip will take place near the transverse 
joint. These effects have all been observed in the study of the experimental 
sections of the Columbia Pike. 


It is apparent, then, that where steel is used in continuous bond for 
long distances the following factors contribute toward the formation of 
corner breaks: 


(a) Reinforcement concentrated near the edge of the pavement. 
(b) Steel highly deformed so as to produce unusual bond strength. 
(c) Weak concrete cross-section (such as thin-edge pavements). 


By assuming reasonable values for the tensile strength of concrete and 
for the bond strength of steel and by making certain reasonable assump- 
tions as to the effective cross-section of concrete which resists corner break- 
ing, it would appear that from the method shown in Fig. 16: 


1. One %-in. normally deformed bar, placed not less than 6 in. from 
the edge approaches the maximum condition in which a single bar 
can be used without corner cracks. 

2. Two %-in. normally deformed bars placed 6 in. and 12 in. from the 
edge approach the limiting condition when two bars can be used 
without coruer cracking. 


This theory regarding corner cracking has been developed as a result 
of studies of reinforced pavements, the details of whose construction were 
definitely known. An example of the type of cracking to which this theory 
refers is shown in Fig. 17. 

We have seen what is to be expected theoretically from the use of steel 
reinforcement placed in continuous bond for long distances. Fig. 18 pre- 
sents in chart form the condition, with respect to cracking, of the various 
reinforced sections in the Columbia Pike. The effect of large size longi- 


% Reinforcing and the Subgrade as Factors in the Design of Concrete Pave- 
ments, by J. T. Pauls. Public Roads, Vol. 5, No. 8, October, 1924. 





344 CONCRETE PAVEMENT DESIGN. 


tudinal steel is noticeable, both on corner cracks and transverse cracks. 
It will also be observed that transverse steel as used in these sections has 
a marked effect on the amount of transverse cracking. Fig. 19 shows the 
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FIG. 16.—THEORY OF CORNER BREAKS DUE TO STEEL REINFORCEMENT. 





FIG. 17.—-PHOTO OF CRACKING IN COLUMBIA PIKF, ILLUSTRATING THE THEORY. 


present appearance of one of these sections where heavy transverse rein- 
forcement was used. The value of steel bars is not qustioned, but it does 
seem that the manner in which they have been used is open to criticism. 
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FIG. 18.—-CHART OF THE CRACKING IN COLUMBIA PIKE. 











FIG. 19..—-PHOTO OF TRANSVERSE CRACKING CAUSED BY TRANSVERSE STEEL. 
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A few of the most important indications of the recent investigations 
and field condition surveys, previously mentioned, may be stated as follows: 


1. The impracticability of having longitudinal steel in bond function 
over considerable lengths was evidenced, both in the case of bars 
and mesh, by increased transverse cracking. 

2. Light mesh reinforcement seemed to be most effective in reducing 
cracking. 

3. Large transverse bars induced transverse cracking of the pavement 
over the bars. 

4. Concentrating the steel along the edges of the pavement, when the 
bond was continuous for long distances, produced corner cracking. 


It is believed that steel reinforcement can be used in concrete pave 
ments with beneficial results, providing it is properly designed. 

Proper design is considered to be of such a nature that the steel will 
be used only for the purpose of providing resistance to those agencies 
against which it has been found to be effective. Further, proper design 
should provide against the use of steel in any manner which is known to 
produce adverse effects. 

To make the design most effective, the following precautions are con 
sidered of great importance: 


(a) Longitudinal steel should not be used in lengths exceeding 30 to 
40 ft. where the bond is continuous. 

(b) Good distribution of the steel should be provided through the use 
of smaller rods more closely spaced. 


Steel Dowels.—It is believed that one of the most important uses to 
which steel can be put in a concrete pavement is as a dowel across a con- 
structed joint. For this purpose, across transverse joints the steel should 
not be in bond with the concrete. From elastic curves obtained under 
wheel-loads it is indicated that it is desirable for dowel-bars to be rather 
closely spaced. For instance, practically all of the deflection of a 6-in. 
slab acted on by a loaded 5-ton truck takes place over a length of 8 ft. 
If dowel-bars along a longitudinal joint are to assist in transferring load 
across the joint, it would seem that in the case mentioned they should be 
spaced at intervals of not more than one-half this distance, or approxi- 
mately 4 ft. along the center-line of the pavement. 


CONCLUSION. 

In order to secure a perspective on the subject of pavement design, the 
conclusion of this discussion will be devoted to a very brief review of the 
most important points which have been mentioned. 

The subgrade exerts a marked influence on the behavior of the pave- 
ment throughout its life. As the physical condition of the subgrade is 
dependent on the amount of moisture in it, the subgrade problem is largely 
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one of internal and external drainage and must be solved by the improve- 
ment of these conditions. Certain soils, particularly those of high clay con- 
tent, make very unstable subgrades in the presence of excessive moisture. 
These materials must be drained or their structure so altered that they will 
lose their instability under the maximum moisture conditions obtaining. 
In general, any treatment which would stabilize an earth road will improve 
a subgrade. 

Due to temperature and moisture variation, the phenomena of expan- 
sion, contraction and warping tend to begin as soon as the concrete is set 
up. These must be reduced to a minimum by proper curing in order that 
the resistance of the concrete to bending and direct tension may develop. 

A prediction as to the probable maximum wheel-load to be used in the 
design can best be made by reference to traffic census studies, with due 
consideration to future development of the community to be served. The 
trend of motor vehicle design should also be considered in making this esti- 
mate. In addition to the dead-weight of the wheel on the pavement, 
account must be taken of the effect of impact. This impact must be 
reduced to a minimum through the construction of smooth pavement sur- 
faces. The maximum wheel-load may be applied at any point on the pave- 
ment so that, for maximum economy, the road slab should be designed for 
uniform strength. 

Practical field tests, research experiments, and theoretical analysis all 
point to the thickened-edge design as most nearly satisfying the require- 
ment for a design of uniform strength. Traffic surveys indicate that 18 ft. 
is the minimum width of pavement which will safely accommodate two-way 
traffic. In order that the pavement may secure more uniform support from 
the subgrade, it should be subdivided by constructed joints. 

Steel reinforcement, when properly used, is beneficial to a concrete 
pavement. When improperly used, it will produce more cracking than will 
be found in a plain concrete pavement under the same conditions of support 
and of load. The use of steel in continuous bond for long distance is not 
considered good practice, nor is the concentration of steel reinforcement 
along the edges of the pavement slab. For a given amount of steel, better 
pavements will be obtained if the steel is distributed by using smaller rods 
more closely spaced. Steel reinforcement should not be used with the idea 
of preventing cracks in concrete pavements, but rather for the purpose of 
so controlling the cracking which will occur that structural strength will 
be maintained and pavement failure will be prevented. 











Mr. Johnson. 





DISCUSSION. 


T. H. Jounson (By Letter).—Radical as I know they will seem, 
the convictions of mine herein stated are the result of fourteen years 
of experience, covering responsible charge, from writing specifications to 
the acceptance of the work, of what would be the equivalent of around 
300 miles of 18-ft. highway pavement. This experience has covered an 
area of 500 miles east and west by 200 miles north and south and in- 
cluding portions of four states, Iowa, Minnesota, South Dakota and Ne- 
braska. It has covered every possible type of soil and the most trying 
climatic conditions. 

It is my belief that a fuller perception of the possibilities that lie 
in the direction indicated by these observations will hasten progress 
toward a rational practice in building concrete pavements, and will per- 
suade men that the final solution of the paving problem is not to be found, 
primarily, in structural design. 

Concrete pavements are not designed. Rather, pavement slabs are 
designed, and then the constructor imparts to the slab such of the essential 
qualities of pavement as his knowledge and skill permit. A pavement 
is in reality a work of art, and is not primarily amenable to the rules 
of design. It is the accomplishment of a skilled hand guided by trained, 
experienced intelligence. Its characteristic qualities are imparted quali- 
ties, qualities that are not inherent in the material of which it is made, 
or, to any controlling degree, in the form that may be given them. 

There is no such thing possible as a correct estimate of all the forces 
that will act on the pavement, consequently no such possibility as design- 
ing a structure that will resist all of them. Nor is there any such thing 
as anticipating exactly the values, as affecting the quality of the pave- 
ment, of a great variety of constantly changing conditions surrounding 
the laying of the pavement, each of which, in its turn, has its influence 
upon the quality, and making provision for them in the design. 

Structural design will help, but the main dependence for life and 
usefulness of the pavement, must be upon qualities imparted to the sub- 
stance of the slab during the process of laying and finishing. A very clear 
line of demarcation should be had between the making of the concrete, 
and the laying of the pavement, because they are two entirely separate 
operations. 

It is during the latter operation, after the concrete has been placed 
on the subgrade, that the qualities of hardness, toughness, density, tensile 
and compressive strength, impermeability, resistance to abrasive wear, 
resistance to the effects of changes in temperature and moisture, resistance 
to “checking,” cracking, etc., must chiefly be imparted. The impartation 
of these qualities lies almost wholly beyond the domain of structural 
design, and largely beyond the scope of standard practice. 
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It is correct that the influence of the subgrade is one of the great 
problems to be solved, but it is not so much because of “the way it 
affects the behavior of the pavement throughout its life” as it is the 
influence it has at the time of its borning, on its ultimate quality. Its 
most harmful effect, so to speak, is due to the fact that it is not per- 
mitted to function in its normal way at the time the pavement is being 
laid, in the absorption of a portion of the excess water necessarily put 
into the mix to secure workability, after the need of workability has 
passed. 

The authors say it is important to have the subgrade thoroughly 
moist at the time the concrete is placed. If this is correct, Prof. Abrams 
is wrong. He says, “the importance of any method of mixing, handling, 
placing and finishing concrete which enables the builder to reduce the 
water content to a minimum, is at once apparent.” If 10 to 15 per cent 
excess water is added to secure workability, it means an addition of five 
to seven pints per square yard of the 6-in. pavement, and it is hardly 
conceivable that the absorption of say half that quantity of water from 
a square yard of slab by an equal area of absorptive base, would occasion 
a material increase in the volume of the base. It would, however, accord- 
ing to Prof. Abrams, mean much in the added strength of the concrete. 

Neither this absorption by the base, nor the evaporation from the 
surface is the cause of the surface checking. Checking is due to the 
more rapid removal of the excess water from the surface than from 
other portions of the slab. If the base is allowed to absorb a portion of 
the excess water from the slab, and the remainder is afterward drawn by 
adequate means to the surface and evaporated by constant manipulation, 
the surface will at all times be the wettest portion of the slab, and 
consequently will not crack. This method of drying out the slab from 
the bottom upwards, operates to prevent checking, even on the loess soils 
of Iowa. 

This early and systematic removal of the excess water hastens the 
development of the tensile strength, and enables the pavement to resist 
the stresses due to setting. This method of finishing renders the slab 
less susceptible to changes of temperature and moisture, produces a 
denser slab with a surface that is hard, dense, impervious and highly- 
resistant to abrasive wear. 

The discovery of the real importance of the water content of the 
mixed concrete, as expressed by the water-cement ratio, seems to have 
been accepted as settling to a finality the matter of quality in pavement, 
but it will eventually be found that removal of the excess water necessary 
for workability, after this need has passed, and the subsequent manipula- 
tion of the surface to close up the voids from which the water has been 
removed, will do for concrete pavements what Prof. Abrams has done for 
concrete, and will overcome many difficulties now considered beyond reach 
except through some extraordinary and as yet undetermined treatment 
of the subgrade. 

















OUTLINE OF TEsTs oN 300-Fr. Retnrorcev-CONCRETE CHIMNEY. 
By BENJAMIN WILK.* 


At the 1925 convention of the American Concrete Institute, EK. A. 
Dockstader of the chimney committee, made a report on tests on a chimney 
at New Bedford, Mass., to determine the temperatures in reinforced-con- 
erete chimney shells. On account of the lack of available data, Mr. Dock- 
stader suggested that similar tests be made on other chimneys to accumu- 
late data from which positive conclusions might be drawn. This suggestion 
led the Universal Portland Cement Co. to co-operate with the chimney 
committee in making tests on a 300-ft. reinforced-concrete chimney, then 
being designed for its Duluth plant. 

The chimney is 300 ft. high, 24 ft. inside diameter at the base and 
18 ft. inside diameter at the top. The thickness of wall at the base, which 
is also the ground line, is 36 in. tapering to 6 in. at the top. An inside 
concrete lining 6 in. thick starts 27 ft. above the base and extends to 
145 ft. above the base. ‘The air space between the outside wall and the 
lining is 6 in. The stack is supported on an octagonal base 8 ft. thick 
and 66 ft. in longest dimension. Design of the stack is shown in Fig. 1. 
The chimney was designed by the engineering department of the Universal 
Portland Cement Co., and constructed by the Weber Chimney Co. of 
Chicago. 

A sub-committee of the chimney committee was formed to act as an 
advisory committee on these tests. As the chimney was not under con- 
struction when the committee had its first meeting, a gocd opportunity 
presented itself for outlining a series of tests that would be comprehensive 
and which would develop as much information as possible on the effect not 
only of heat but also of wind on chimneys. The committee outlined the 
tests to determine: 


(1) Temperature gradient through the lining and wall of a rein- 
forced-concrete chimney. 

(2) Nature and intensity of stresses developed in concrete and steel 
reinforcing due to wind pressure upon the chimney and as a 
result of flow of heat through the wall. 

(3) Wind velocity adjacent to the chimney. 

(4) Distribution of the pressure developed on the cylindrical surface 
of a chimney by wind. 

(5) The nature and extent of the deflection of the chimney due to 
wind pressure and heat. 


*Assistant Western Manager, Service Bureau, Universal Portland Cement Co. 
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‘TEMPERATURE GRADIENT ‘THROUGH CHIMNEY WALL, 

In studying temperature gradient through the lining and wall of the 
chimney it was decided to use thermo-couples and to locate them at five 
heights or levels as follows: 

(a) Just below the lower breeching. 

(b) Just below the upper breeching. 

(c) Just below the top of the lining. 

(d) Just above the top of the lining. 

(e) Near the top of the chimney. 


TABLE I.—POSITION OF THERMO-COUPLES IN 300-FT. CONCRETE CHIMNEY. 


Switch Thermo-Couple 
Point Number Location Elevation 
y: l Z Outside 92.5 
2 B 2” in 
3 A 2” from inside face 
$ Z? Outside 159.5 
+) Bb? 2” in 
6 K 1% T 
7 r 24 T 
S Kr 2” from inside face 
9 P CL of air space 
10 x CL of lining 
11 V 1” in stream 
12 Z* Outside 204.5 
13 B 2” in 
14 ty % T 
15 G? 2” from inside face 
16 Q CL of air space 
17 U CL of lining 
18 W 1” in stream 
19 Z* Outside 231.5 
20 Bt 2” in 
21 M 1%, T 
22 J 2” from inside face 
23 4 1” in stream 
24 XA %D 
25 XB 1%, D 
26 Z5 Outside 362.0 
27 B® 2” in 
28 N % T 
29 M? 2”from inside face 
30 S 1” in stream 


Top of lining 220 feet. 
Elevation of base of chimney (ground line) 75.0. 
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In order to determine the variation of temperature of the temperature 
gradient at any particular level, it was decided to place the thermo- 
couples : 

(a) In the air adjacent to the exterior surface of the wall. 

(b) At several intervals in the chimney wall according to the thick- 

ness of the wall. 

(c) In the air space between the wall and the lining. 

(d) In the center of the lining. 

(e) In the gas stream adjacent to the interior surface of the concrete. 

(f) In the middle of the gas stream. 






































FIG, 2.—-DFSIGN OF MANDRELS. 


A total of 30 thermo-couples has been placed in the chimney. Table I 
shows the position of the thermo-couples and refers to switch points. 

Iron constantan thermo-couples were used. The thermo-couples in the 
conerete wall are of the wire type and are directly in contact with the 
concrete, but the thermo-couples exposed to the air and to the gas stream 
are of the pipe type so as not to be affected by moisture in the air or by 
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condensation of the gases. In general the space occupied by the thermo- 
couple was formed by a solid steel mandrel. The mandrel carried a per- 
manent insert consisting of a standard brass locknut, and an outside nut 
which clamped against the form and held the mandrel in position. The 
mandrel was stripped by turning the squarehead which projected outside 
of the form until the mandrel was free of the locknut. Fig. 2 shows the 
design of the mandrels. 

Threaded plugs were fabricated on the thermo-couple stems which 
screwed into permanent inserts at the face of the chimney, holding thermo- 
couples in a rigid position. In inserting the thermo-couples a packing of 
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FIGS. 3 AND 3A.—METHOD OF INSERTING THERMO-COUPLES. 


asbestos was placed between the spagetti around the thermo-couple wires 
and the concrete so as to make a watertight job. Fig. 3 shows method of 
inserting thermo-couples. Fig. 3a is a typical section. Where the thermo- 
couples extend into the inner lining or far into the gas stream, a pipe 
sleeve was left in the chimney wall to aid in removing the mandrel. 

Thermo-couple readings are taken at the base of the chimney through 
three 10-point switches read on a Leeds & Northrup automatic cold junc- 
tion compensating potentiometer with a scale reading directly from minus 
50 deg. F. to plus 600 deg. F. The readings already taken show that the 
temperatures are quickly read directly on the dial of the potentiometer. 
The thermo-couples have been calibrated to insure their accuracy. 











REINFORCED-CONCRETE CHIMNEY ‘Tess. 


STRAIN GAGE READINGS. 

In determining the nature and intensity of stresses developed in the 
concrete and reinforcing steel as a result of flow of heat through the wall, 
and due to wind pressures on the chimney, gage points for Berry strain 
gage reading have been set at the eighth points around the chimney 16 ft. 
above the base and at three locations alongside of the chimney ladder at 
90 ft., 135 ft. and 162 ft. above the base. Each set of gage points con 
sists of three points on two adjacent horizontal rods and also three points 
on two adjacent vertical rods. This makes it possible to get a good check 
on individual readings at any particular point. The length between gage 
points is approximately 8 in. The Berry strain gage can register a move 
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FIG, 4.—-SET OF STRAIN-GAGE POINTS. 


ment of 1/50,000 of an inch in a length of 8 in. or 1/400,000 in. per inch. 
Professor Lagaard of the University of Minnesota who is widely experi 
enced in strain gage readings, is supervising this phase of the tests. 
Fig. 4 shows a set of strain gage points. 

It was the idea of the committee to take strain gage readings: 

(a) Before the chimney was heated to determine the stresses while 
the chimney was free from internal stresses caused by the heat. 

(b) While the chimney would be heated to gain information on how 
the stresses developed as the heat rises. 

(c) At stated intervals after a constant heat condition exists to 
determine the effect of both the internal and external forces on 
the chimney. These measurements would also be taken during 

times of high wind. 
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It is very possible that through the co-operation of the University of 
Minnesota the committee will have the use of four McMillan strainagraphs 
to record movement in the steel and concrete. McMillan strainagraphs 
have been used very successfully in recording strains on ships, bridges and 
buildings. It is expected that the four strainagraphs will be used on the 
sets of strain gage points near the base of the chimney. 


Wind VELOCITY. 

In determining wind velocity adjacent to the chimney, considerable 
work was done in developing a method which would be accurate. Wind 
velocity readings taken with U. 8S. Weather Bureau anemometers which 
are of the revolving cup type, do not show violent gusts of wind which 
may last for only a few seconds. These gusts are of extreme importance 
and must be studied. The Burton anemometer developed by C, O. Burton 
of the Minnesota Steel Co., Duluth, Minnesota, is also of the revolving 
cup type but it only registers wind at a definite point. It however shows 
gusts and has registered wind velocities at Duluth as high as 130 miles 
per hour. It was the intention of the committee at first to use flat plates 
at various points around the chimney which would register wind pressure 
through Pitot tubes read at the base of the chimney. Through the efforts 
of Professor Maurer of the chimney committee, the co-operation of E. N. 
Fales, aero engineer of the U. S. Army Air Service, McCook Field, Dayton, 
Ohio, was obtained. Mr. Fales has given a great deal of study to the 
subject of wind velocities and wind pressures. He suggested the use of 
integrating impact pressure tubes for measuring wind velocities as well as 
for measuring wind pressures, This method has been used successfully in 
aeroplane work and has to a large extent been developed in wind tunnel 
tests at Dayton, Ohio. It has been found that the wind velocity and wind 
pressure vary considerably over a comparatively small area. For that 
reason smal] flat plates are, not considered accurate. The integrating 
impact pressure tubes will therefore give much more accurate information 
as to the velocities and pressures to which the chimney is subjected than 
the plates originally considered. 

In following Mr. Fales’ suggestion, two integrating impact pressure 
tubes 12 ft. long at right angles to each other, forming a cross, will be 
set 30 ft. out from the chimney at the quarter points around the chimney. 
The horizontal 12-ft. integrating tube will be 234 ft. above the base of the 
chimney. In effect, these two 12-ft, tubes will register the average wind 
velocity over an area of 144 sq. ft. The tubes will be 114 in. in diameter 
with holes on one side spaced 6 in. apart. As the registering of the wind 
pressure is effected by the curvature of the tubes, %4-in. nipples have been 
inserted into the holes so that the ends of the nipples will always be at 
right angles to the direction of the wind. The tubes will be supported on 
steel outriggers and so pivoted and controlled by a weather vane that the 
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tubes will always be in the face of the wind. Fig. 5 shows a detailed 
design of the 12-ft. integrating tubes; Fig. 5a shows the design of the 
supporting outriggers. The pressure exerted by the wind will be trans- 
mitted to the base of the chimney by means of a liquid seal and %-in. 
pipe leading from the seal to the base of the chimney. Fig. 5b shows the 
design of the liquid seal. 

The integrating impact pressure tubes and the outriggers are now 
heing fabricated and will be raised into position about May 1, 1926. 
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FIGS. 5, 54 AND 5B.—INTEGRATING TUBES, OUTRIGGER AND LIQUID SEAL. 


WIND PRESSURE. 

In determining the distribution of the pressure developed on the 
cylindrical surface of the chimney by wind forces, it was decided that 
pressures should be secured for two distinct reasons: 

(a) To determine the nature of the action of wind on a cylindrical 
surface. Tests on small models show that a positive pressure 
is exerted on only a small proportion of the cylindrical surface, 
approximately 70 deg., while a negative pressure or partial 
vacuum exists on the remainder of the circumference. This the- 

ory is not as yet used in the design of towers and chimneys, 
but it is agreed that definite information on this subject on a 
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chimney 300 ft. high would show the relation between coefficients 
as determined on a small model and on a large structure, and 
the data would be a distinct addition to scientific knowledge. 

(b) Because data on wind and pressure as secured coincident to data 
on the stresses on concrete and steel reinforcing would effect a 
check on formulas for calculating these stresses. 


The integrating impact pressure tube idea as used in determining 
wind velocity will also be used in obtaining wind pressures on the chim- 
ney. One-inch integrating impact pressure tubes 3 ft. 2 in, long, have 
been placed in the face of the chimney at 18 equidistant points around 
the chimney. The elevation of the center line of these tubes is 45 ft. 
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Pressure Tubes- Complete 


FIG. 6.—-DETAILS OF PRESSURE TUBES. 


below the elevation of the center line of the 12-ft. wind velocity tubes and 
190 ft. above the base of the chimney. In order to register pressure accu 
rately the tubes are attached to brass plates 4 in. wide and 3 ft. 4 in. 
high, the faces of which are flush with the face of the chimney. Openings 
in the tubes and in the brass plate are 4 in. in diameter, spaced 4 in. 
on centers. The pressure in each tube is transmitted to the base of the 
chimney through a separate %-in. pipe. 

The 18 tubes were set in the chimney while it was under construction 
but it is not the intention to take readings until the 12-ft. wind velocity 
tubes are in place. Fig. 6 shows the detail of the tubes in the face of the 
chimney, the method of attaching them to the brass plates, and the 
arrangement for leading the %-in. pipe through the concrete to the sur- 
face of the chimney and down to the base of the stack. Fig. 7 shows 
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location of all thermo-couples, outriggers, tubes and strain gage points 
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FIG. 7.—LOCATION OF THERMO-COUPLES, OUTRIGGERS, TUBES AND 
STRAIN-GAGE POINTS. 
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The four %g-in. pipe from the 12-ft. integrating impact pressure tubes 
registering wind velocity and the eighteen %-in. pipe leading from the 
3 ft. 2-in. tubes registering pressure on the chimney will be brought to- 
gether alongside of each other at the base of the chimney onto a single 
tilting platform approximately 3 ft. wide and 4 ft. long. Glass tubes filled 
with colored liquid will form the manometers to register pressure in the 
tubes. The record will be made photographically. 

A shack has been built at the base of the chimney to house the switch- 
board and potentiometer to read temperatures and also to house the 
manometers. 


CHIMNEY DEFLECTION. 


The nature and extent of the deflection of the chimney due to wind 
pressure will be determined by means of a telescope and mirror on an 
isolated foundation on the ground 44 ft. from the base of the chimney and 
a steel horizontal plate 16 in. square set firmly out from the chimney near 
the top of the stack. The underside of this steel plate will be painted like 
a checkerboard and will be illuminated so that the mirror at the ground 
level will reflect the checkerboard. The telescope will be rigid and any 
movement of the chimney and checkerboard will be read in the mirror. 
This method of reading chimney deflections has been used successfully on 
chimneys in Germany. Fig. 8 shows the arrangement for reading 
deflections. 


WoRK 10 DATE. 


During the construction of the chimney 6.x 12-in. cylinders of the 
concrete from each section of the chimney were made for testing. The 
average strength at 7 days was 1,453 lb. per sq. in., at 28 days, 2,739 Ib., 
and at 3 months 4,493 lb. The maximum and minimum variations at 
7 days were approximately 33 per cent from the average, at 28 days 33 
per cent, and at 3 months 25 per cent. The specifications called for a 
maximum slump of not more than 4 in, After the workmen became accus- 
tomed to this requirement good results were obtained. The mix used at 
first was 1: 2:3 but was later modified to 1 cement, 2% sand 234 trap 
rock graded from 44 in. to 1% in. The strengths of the two mixes were 
practically the same but the workability of the 1: 244: 224 mix was better 
than the 1: 2: 3 mix. 

Strain gage readings have been taken on the concrete specimens to 
determine shrinkage. These strain gage readings show an average shrink- 
age so far of 0.02 per cent. Wood plugs were left in the concrete shell of 
the chimney as the work progressed wherever it was necessary to later 
reach the reinforcing for strain gage points. 

In order to provide for ease in obtaining strain gage readings, rigid 
platforms have been placed just below each set of strain gage points. The 
chimney ladder has also been caged for the entire height of the chimney. 
Close to the top a steel platform has been built all around the chimney for 
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future experiments. It will be a simple matter to reach any point on the 
outside of the chimney by attaching ropes to this platform. Fig. 9 is 
photograph of chimney at present. 
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FIG. 8.—CHECKER BOARD ARRANGEMENT FOR READING DEFLECTIONS. 





On Jan, 22, 1926, gas from one of the cement plant kilns at a tem- 
perature of 240 deg. and entering at the rate of 60,000 cu. ft. per minute 
was turned into the chimney but on account of the fact that the lower 
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breeching was still open, allowing free entrance of cold air, the tempera- 
ture of the gas in the center of the chimney was only 60 deg. F. The gas 
is drawn from the rotary kilns and driers, and passes through a Cottrell 
dust-collecting system before entering the chimney. 




















FIG. 9 


Temperature readings were taken every hour for 28 hours before and 
for 72 hours after the gas was introduced into the chimney. Outdoor 
temperatures during this period ranged from a minimum of 14 deg. below 
zero to a minimum of 22 deg. above zero. The temperature in the con- 
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crete approximated the outdoor temperature within a comparatively few 
hours. It was interesting to note that the effect of the heat of the sun 
was quickly registered by the thermo-couples. The sun’s heat raised the 
temperature of the concrete considerably above the air temperature. The 
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rics. 10 AND 11 
temperature of the concrete even with no heat on the inside of the chimney 


was higher during the middle of the day with the sun shining than the 
temperature of the air just adjacent to the chimney. At the Duluth chim 





ney it will be possible to cover a wide range of temperatures because cold 








REINFORCED-CONCRETE CHIMNEY TESTS. 363 


air can be introduced at the base of the chimney. This will be very helpful 
in studying temperature gradient when the gas is at different temperatures. 

In view of the fact that the highest temperature of the gas on the 
inside of the chimney until now has not been more than 60 deg., no con- 
clusions as to the maximum temperature gradient through the concrete 
shell can be given at the present time. 

Readings will be taken when the breechings now open are closed and 
a full amount of gas is entering the chimney. At that time it is expected 
that the temperature of the gas on the inside of the chimney will be as 
high as 400 deg. Enough readings have, however, been taken to show 
that the temperature may vary considerably through the chimney shell. 
The location of the cold and warm air entrances also have considerable 
effect on the temperatures at a certain section. The temperature of the 
gas stream | in. from the concrete may be far below the temperature in 
the middle of the gas stream. Fig. 10 shows the average temperature at 
various elevations as recorded by the thermo-couples for a 12-hour period 
before the gas was introduced into the chimney. Fig. 11 shows the aver- 
age temperatures for a 12-hour period after the gas was introduced. 

The tests on this chimney are already attracting considerable atten- 
tion because of their comprehensiveness and the unusual method of deter- 
mining wind velocities and wind pressures. 

Readings will be taken during the next twelve months and it is 
expected that the report to be presented at the 1927 convention of the 
American Concrete Institute will give conclusions as to the temperature 
gradient through the chimney wall, as well as data on wind pressures that 
will be fundamental in the design of chimneys. 

The sub-committee on tests and research of the chimney committee, 
which is acting in an advisory capacity on these tests, is composed of 
E. A. Dockstader, of Stone & Webster; Prof. E. R. Maurer, of the Uni- 
versity of Wisconsin; A. C. Irwin, of the Portland Cement Association; 
Prof. M. B. Lagaard, of the University of Minnesota; J. W. Lowell, of 
Benedict Stone, Ine.; and Benjamin Wilk, of the Universal Portland 
Cement Co, 











EXTENSIBILITY OF CONCRETE* 


By W. K. Hatt.** 














This paper records measurements of the shrinkage and 
expansion of concrete under various conditions of exposure, 
and presents a study of the ability of concrete to undergo ex- 
tension without the appearance of surface fissures, both in the 
case of plain concrete and concrete reinforced with fabric re- 
inforcing from 0.26 to 0.33 per cent. The concrete is 1: 2:3 
gravel aggregate and generally cured under unfavorable con- 
ditions. 

Crack surveys of the surfaces of the beams classify sur- 
face fissures into (a) miscroscopic fissures about 0.0004 in. in 
width and (b) those seen with the unaided eye about 0.0015 in. 
in width. 

When it prevents the natural shrinkage of concrete, rein- 
forcing promotes tensile stress on the surface, and thereby 
tends to produce fissures. This effect is evident when rein- 
forcing is in a structural amount from % to 1 per cent. At 
low limits of surface reinforcing, for example 0.3 per cent, a 
mesh or fabric reinforcing aids to preserve the integrity of 
concrete surfaces. The reinforcement apparently does not 
postpone the appearance of microscopic fissures, but does post- 
pone the appearance of eye-visible fissures. 

The extensibility of 1: 2:3 concrete before microscopic 
fissures appear is 0.010 per cent and at fissures visible to the 
unaided eye 0.018 per cent. Defective curing will reduce this 
latter value to 0.015 per cent. Concrete kept moist will extend 
farther before cracking than concrete kept dry. Mortar 1: 2 
extends about 0.02 per cent. 

The usefulness of mesh reinforcing is most evident under 
fatigue tests. 


*The experiments recorded below were made in the laboratory for testing 
materials of Purdue University partly under a co-operative agreement with the 
UL. 8. Bureau of Public Roads. 


**Head, School of Civil Engineering, Purdue University, 
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The extensibility of tests reported in the paper were made 
mainly on concrete cured under unfavorable conditions. An 
additional series of tests is now under way using several 
aggregates and favorable conditions of curing. 

Without restraint concrete may shrink upon drying 0.05 
per cent and swell when wet 0.01 per cent. Reinforcement 
may reduce these gross changes of length one-half. A change 
of temperature of 100 deg. F. will produce a change of length 
of 0.050 per cent. Restraint will modify these values, as for 
instance the friction of the subgrade under a concrete pave- 
ment or the restraint of a wet core upon the drying surface 
of a concrete beam. The ability of ordinary concrete to with- 
stand surface deformations is below the measure of 0.02 per 
cent. Fissures are, therefore, likely to result from restraint, 
and the problem is to lessen surface movements by proper 
proportioning and curing, or by other means. 




















THE CLASSIFICATION OF SURFACE FISSURES. 


While measurements of the strength of concrete are plentiful, data of 
toughness, that is its ability to withstand deformations without the ap- 
pearance of surface fissures, are few. Since the permanence of concrete is 
largely dependent upon the preservation of an integral surface, the study 
of extensibility and the means of increasing extensibility is of importance 

Surface fissures in concrete may be produced by load or by the action 
of temperature or moisture changes. They may range in magnitude: (a) 
from those in the order of 0.0004 in. width seen only with a microscope 
appearing as “water veins” or “water marks,” as Feret termed them, 
(Etude Experimental du Ciment Armé, p. 51), when a skin-dried surface. 
breaks and capillary moisture comes through the fissures; to (b) larger 
fissures in the order of 0.0015 in. width, seen by the unaided eye; and (c) 
in the extreme to those large open cracks that occur when the elastic limit 
of reinforcing steel is exceeded. Fissures are those crazes that mar the 
appearance of architectural concrete or other concrete products. Such 
ecrazes are not always evident to the unaided eye, but may be developed 
by a coating of light oil. 

Climatic changes express themselves most markedly when the surface 
of the concrete is of a richer composition than the interior, or when the 
surface is contracted by careless drying against a moist core. Indeed the 
falling off in strength of cement briquettes that have been taken from the 
water and then exposed to the drying air of a laboratory before testing 
has been explained by the presence of surface fissures arising from the sud- 
den shrinkage of the surface of the briquettes. 
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Crazes appeared in carelessly cured concrete exposed to the weather 
during summer appeared after two weeks of exposure, first on the top sur- 
face of 6 x 8-in. beams, three months later on the sides, and finally on 
the bottoms. 

For example, the following observations were made on two series of 
gravel concrete beams of 1: 2: 3 mix, (a) cured in a shed and (b) exposed 
to the weather. Each was imperfectly cured concrete having been cured 
under damp burlap during only two days. Beams included both plain and 
reinforced specimens (0.25 per cent fabric reinforcement). 


NOTES ON APPEARANCE OF SURFACE CHECKS UPON EXPOSURE. 

Six-inch by eight-inch by five-foot, 1: 2: 3 gravel concrete beams were 
exposed in two series: 

Series 1 exposed to the air of a shed after two days under wet burlap. 

Series 2 exposed to the summer weather. 

7 Days—None of the beams stored in the shed or outside showed any 
indication of check or craze cracks on the exposed finished surface even 
under the application of a thin film of oil. 


14 Days.—Beams stored outside show slight check or craze cracks. 
Beams stored inside show no check or craze cracks even under the 
application of oil. 


21 Days.—Beams stored outside show considerable check or craze 
cracks. 

Beams stored in shed show very slight check or craze cracks even upon 
the application of a thin film of oil. Failures under test do not seem to 
follow the check or craze cracks to any marked degree. 


28 Days—Beams stored outside show pronounced check or craze 
cracks. 

Beams stored in shed show some check or craze cracks which become 
more pronounced when oil is used. Under subsequent loading test failures 
followed when possible the check cracks, especially in the case of the beams 
cured outside. 


60 Deys.—Beams stored outside show very pronounced check or craze 
marks, even the sides of the beams which have an unfinished surface are 
badly checked. Beams stored inside show slight indications of checking or 
crazing on finished surface which do not become plainly evident even when 
a coating of oil is used. Under subsequent test the failures seem to follow 
these check cracks very closely, especially in the case of the beams cured 
outside. ; 

In the specimens used for fatigue tests at 28 and 60 days, the first 
microscopic fissures to open under load usually follow these check marks 
and a majority of the ultimate failures occur thereat. 

It appears, therefore, that the surface checks or crazes develop more 
slowly in concrete exposed to the air of a shed than in concrete exposed to 
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the weather. 


367 


These surface checks in the shed exposed concrete were at no 


time visible to the naked eye except upon the application of oil to the 


surface. 


As appears in Fig. 13, the shed exposed concrete showed greater 
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SUMMARY OF RECORDED TESTS OF CONTRACTION AND EXPANSION OF 
CONCRETE. 
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FIG. 2.—-EXPANSION AND CONTRACTION OF SEVERAL BRANDS OF NEAT CEMENT. 
(Fig. 4 represents a six months later market sampling of cements A, D, F, G.) 





extensibility at early ages and also at 135 days, but at the age of 63 days 
the measurements show a reversal of order. Four beams are included in 
each average. It may be noted that neither one of these concretes had a 
normal curing. 
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Sia months.—No change in appearance of surfaces. 

No distinct difference was noted in the crazing of the plain and rein- 
forced specimens. 

Further examination was made of the characteristics of the craze 
marks seen on concrete surfaces to determine if they represented fissures 
into the concrete. 

The method was by the spreading of a one per cent solution of 
methyl violet dye in alcohol on the surface of the beams before they were 
broken in cross-bending. Subsequent examination of the fractured sur 
face disclosed the penetration of the dye. If the crazes were real fissures, 
then the dye would penetrate into the body of the concrete. 

A study was made by this method also of the development of surface 
fissures due to various degrees of extension of the surface under cross 
bending. 

The beams had been exposed to the weather for six months after 
three days curing under wet burlap. 

A. The three intensities of surface crazing as determined by preliminary 
inspection of the beams was as follows: 

1. Badly crazed. 

2. Moderately crazed. 

3. Free from crazing. 

Two methods of troweling were represented : 

1. Troweling subsequent to the initial set of the concrete. 

2. Troweling of the wet surface. 

The observations of the penetration of the dye indicated that the so 
called crazes have no appreciable depth. They extend 1/64 to 1/32 of an 
inch only into the outermost cement skin, and did not enter the mortar 
or extend around the fine or coarse aggregate. They do not appear to 
be fissures. 

The appearance of crazing is more pronounced on the surfaces trowele« 
when wet. Only minor crazing existed when the surface was troweled 
subsequent to the initial set of the concrete. 

B. Relation of extension at the development of fissures under cross 
bending tests as shown by dye observations to the development of fissures 
visible to the eye: 

This relation was determined as follows: 

Previous to test, dye was applied to one-half of the tension face of 
the beams throughout the length of the stressed section for the determina 
tion of the depth of crazes as discussed above. Then during loading, 
when the extensometers by sudden progression indicated the development 
of a fissure, dye was applied to about 1% in. of the remaining width 
of the tension face, and in similar widths for each added increment of 
load until eye-visible cracks appeared. Observations of the penetration 
of the dye on the broken sections after test determined the load at which 
fissures first developed. The relation is shown on the following table: 
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Fissure by Dye Indication Eye-Visible Fissure 





Beam Load ‘Unit Extension Load Unit Extension 
re 3400 0.000207 3400 0.000207 

wot eae cek wee Cy 3000 0.000137 3100 0.000205 
Double hey OFS OPES SE 3300 0.000174 3400 0.000200 

” a ae Bee een 3050 0.000164 3200 0.000212 
a ee pwc eee 0.00013 2800 0.00013 
DS she ot 5% Saceea odds 2800 0.00012 2800 0.00012 


Weather Exposure—Age 6 months: 

Three days initial curing under wet burlap. 

6 in.x 8 in. x 5-ft. Beams, 1: 2: 3 Gravel Concrete 0.26 per cent R. 

In the reinforced beam, 6 months of age, it was found that when 
fissures developed, the steel elongated resulting in the immediate formation 
of visible cracks and a rapid progression in extension. 

In tests of beams at earlier ages, the load necessary to produce fissures 
was not sufficient to cause elongation of the steel to the extent of visible 
cracks in the concrete. It is believed that the use of dye in such tests 
would facilitate the detection of these minute fissures. 

In the tests described below the main factors to be examined were 
curing conditions and the effect of mesh reinforcement. 


THE EXPANSION AND CONTRACTION OF CONCRETE, 

Prior to the research upon extensibility, a study was made of the effect 
of change of moisture conditions and temperature upon contraction and 
expansion and the warping and pulling of beams by change of condition of 
their surfaces. Values of contraction and expansion were measured and 
evidence of surface checking sought due to difference of condition of sur- 
face.* At that time no close survey was made of the beams to detect the 
first appearance of fine fissures, although these were evident in the surface 
of a road slab that had been warped back and forth by climatic effects. 

A summary of the recorded measurements of expansion and contraction 
is shown in Fig. 1. 

In this diagram are several variables: 

Exposure due to changes of temperature, moisture, composition of 
cement, aggregate, wetness of mix, proportioning, size of specimen, forms, 
age of specimen, duration of test and time of beginning measurements. 

The paper by the writer before the American Society of Civil Engi- 
neers (Proceedings, Am. Soc. C. E., May, 1925), endeavored to discuss the 
effect of these several variables on the expansion and contraction. 


Composition of Cement and Exposure. 


Figs. 2, 3, 4 and 5 show the results at. Purdue University. 
Figs. 6 and 7 show the important effect of wetness of mix and time 
elapsed as determined by Otto Graf (Beton und Bisen, 1921-22). The 


- 


*See Proceedings, Am. Soc. C. V.., May, 1925 
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importance of curing during the first 10 hours to reduce shrinkage is evi- 
dent, and also the benefits of dry mixes. 

Fig. 8 shows the shrinkage of 1: 3 mortar following different periods 
of curing in water as shown in Der Hisenbetonbau, Fifth Edition, Vol. I, 
Part 1, p. 136. 

Fig. 9 shows the coefficient of expansion of concrete at various tem 
peratures as determined at Purdue University. The coefficient increases 
with the temperature at which it is measured, and changes with the con- 
dition of the concrete in respect to moisture. 


EXPANSION AND CONTRACTION OF STADIUM. 


In the paper by the author before the American Concrete Institute in 
1925 measurements were recorded of the expansion and contraction of 
concrete stadium at Purdue University. Since that time these measure 
ments have been extended with the following results: 

The top of the retaining wall between winter and summer expanded 
with a coefficient of .00000595 for one degree of Fahrenheit, and from sum 
mer to February, 1926, had contracted with a coefficient of .00000432. 
The difference between these coefficients is no doubt due to the moisture 
in the concrete during the winter weather. The average of the two 
coefficients is .00000513. 

These same coefficients for the reinforced deck are .00000346 and 
.00000236, or an average of .00000291, which no doubt is a measure of 
the restraint of the columns and surrounding structure. 

The coefficients for the deck on the fill are .00000547 and .00000267, 
or an average of .00000407, again an expression of constraint. 


The Effect of Reinforcing. 

The effect of reinforcing upon expansion and contraction is shown in 
Figs. 10 and 11. Fig. 10 shows the results of experiments by O. Graf and 
C. Bach (Armierter Beton, No. 9, 1909) and Fig. 11 recent tests at Purdue 
University. The effect of steel in reducing total shrinkage is evident. Of 
course tensile stresses in the concrete are set up, and these are greater as 
the amount of reinforcing is increased. 

Reinforcing in general through its action in preventing the natural 
shrinkage of the concrete will promote surface fissures. Considere was ap- 
parently mistaken in his findings of 1898 that reinforced concrete would 
undergo greater extensions than plain concrete. Later tests by Bach and 
Kleinlogel in 1902 and at the University of Wisconsin in 1906 resulted in 
conclusions opposite to those of Considere. The values reported by Bach 
and Kleinlogel as found in Der Hisenbetonbau by Marsch are shown in 
Fig. 12. In the tests at Purdue University the reinforcing was in the 
amount of structural reinforcing. It remained to study the effect upon 
the surface of concrete of smaller amounts of fabric reinforcing, around 
0.25 per cent such as are used in exposed surface. 
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Tests o¥ EXTENSIBILITY OF PLAIN AND REINFORCED CONCRETE, 


The present paper describes laboratory tests upon the extensibility of 
various classes of concrete, plain and reinforced with mesh reinforcement, 
under various conditions of exposure at different ages, both under the 
usual progressive loading and under repeated loading. Of special interest 
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Tests by Graf. 
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From Der HLisenbetonbau-——Marsch., 


is the study of the relative extensibility at the various ages of plain and 
mesh reinforced concrete. A paper by C. A. Hogentogler before the High- 
way Research Board, Washington, D. C., Dec. 4, 1925, reports the results 
of his survey of plain and reinforced-concrete road surfaces in actual 
service. The results confirm the laboratory tests. 
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Up to the present time the action of reinforcement is fairly well de 
termined. However, severe conditions attending poor curing have been 
used in this latter investigation. Further studies now under way include 
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Tests by Bach and Kleinlogel, 


various kinds of concrete with more than one aggregate cured in several 
manners, 

A preliminary series of tests was made in 1924 to gain experience in 
measurement, During the past season of 1925 the laboratory for testing 
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materials of Purdue University in co-operation with the U. 8. Bureau of 
Public Roads has been investigating the extensibility of plain concrete and 
concrete containing mesh reinforcing as supplied by the National Steel 
Fabric Co. of Pittsburgh, Pa. 


FLEXURE TESTS OF PLAIN CONCRETE BEAMS T0 DETERMINE EXTENSIBILITY 
AT First CRACK VISIBLE TO THE NAKED EYE. 


The earlier tests involved a crack survey by the unaided eyes of 
trained observers. A light oil was often spread over the surface of the 
concrete to develop the appearance of checks and fissures. Later a 100- 
power microscope with a three-way motion was provided to search the sur- 
face of the 4x 4-in. concrete specimens under repeated loads to determine 
the appearance of the fine microscopic fissures which generally occurred at 
an extension of approximately 55 per cent of the extension which accom- 
panies the first crack visible to the naked eye. As has been said, such minute 
fissures even in plain concrete beams will open up and then spring back 
and close the fissure after the removal of the load. The first tests studied 
the transverse strength and extensibility of concrete beams cured first 
under wet burlap for a period of three days, then either (1) in air of shed; 
or (2) outside, exposed to summer weather. The age of the concrete at 
time of testing ranged from 7 to 63 days. The results of the extensibility 
and average strength of all ages is shown in Table I. The first crack is 
that visible to the naked eye. Each value represents two beams. Unavoid- 
able variations in the positioning of the steel reinforcing no doubt will 
affect the results. 

The deformation readings were taken with 20-in. Berry strain gages. 


TABLE I.—STRENGTH AND EXTENSIBILITY OF PLAIN CONCRETE BEAMS OF 
6-In. DepTH BY 8-IN. WipDTH, 54-IN. SPAN, 1: 2:3 GRAVEL CONCRETE. 
Universal Cement: Slump 3% in. 


Modulus Unit Extension Deflection 


Age in ot at at 

Days Curing Rupture First Crack First Crack 

7 Inside 325 0.000155 0.0138 

Outside 334 0.000118 0.0088 

14 Inside 420 0.000191 0.0156 

Outside 421 0.000136 0.0124 

21 Inside 442 0.000164 0.0131 

Outside 470 0.000145 0.0125 

28 Inside 410 0.000180 0.0144 

Outside 472 0.000127 0.0117 

63 Inside 453 0.000135 0.0112 

Outside 590 0.000148 0.0137 

135 Inside 503 0.000180 0.0127 


Outside 557 0.000166 0.0137 
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The extensibility of the beams cured outdoors increases somewhat with 
age and decreases with age during indoor storage although then the 
strength increased. The drier indoor concrete would naturally show less 
extensibility. 


EXTENSION OF PLAIN CEMENT MoRTAR TESTED UNDER FATIGUE AT 
PURDUE UNIVERSITY. 
PuRDUE UNIveRSITy. (Tests of 1924.) 
The machine used and the methods of test are described in Proceed 
ings, A. C. I., 1922, p. 167. 
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AND FABRIC MESH REINFORCED CONCRETE STORED IN SHED. 


In the fatigue tests upon 1: 2 cement mortar a record of the extensions 
at failure has been obtained. Lehigh cement was used. 

Fifty beams 4x 4 in. in cross-section were broken under a single appli- 
cation of load and 50 .were broken under repeated loads. The deformations 
were measured by means of Berry strain gages clamped on each side of a 
test piece. These specimens were all subjected to an initial curing of 
14 days under wet burlap with subsequent exposure to the air of the lab- 
oratory. The age at test varied from 28 to 270 days, the majority of the 
specimens having been tested at an age over three months. 

In these tests the unit extension at first visible crack of the mortar 
beams tested under the usual laboratory test using progressive loading to 
rupture averaged 0.000205; of the beams tested under fatigue loads the 
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unit extension averaged 0.000191. Beams of poorly cured 1: 2: 3 concrete, 
4x 4 in. in cross-section, tested in 1925, extended 0.000140 compared to the 
value of 0.000205 just quoted for 1: 2 mortar. 

A test of relative extensibility of wet and dry mortar, 1: 2 mix, was 
made under progressive static loading using specimens of the shape de- 
signed for fatigue tests. The specimens were dry, 19 months old, or else 
were saturated by immersion during 8 days, before testing. The pro- 
gressive static breaking load of. the wet beams was 90 per cent of the dry 
specimens. The unit extension of the dry mortar at first crack visible to 
the naked eye was 0.00017 and of the wet mortar was 0.00020. Under 
fatigue these values of extension became 0.00015 and 0.00018 respectively. 


TESTS OF PLAIN AND FABRIC REINFORCED BEAMS AT PURDUE 
UNIVERSITY (1925). 


Tests conducted at Purdue University to determine the possible bene- 
ficial effect of a small amount of reinforcement on concrete and mortar 
beams have yielded measurements of extensibility, as listed in Table II, 
and shown in Figs. 13 and 14. 


TABLE II.—EXTENSION OF PLAIN AND REINFORCED-CONCRETE BEAMS AT 
Frrst CRACK VISIBLE TO NAKED EYE. 


Beams were 6 in. deep, 8 in. wide, 54 in. span, 1:2:3 concrete, singly re 
inforced with 0.26 per cent of fabric. Kept wet for 3 days after making, then 
air-stored inside the laboratory or else unprotected outdoors as indicated. Each 
value is the average of two beams. Slump = 3% in. * indicates value for one 


beam only. 
Cured Outside Unprotected. 











Agein Mod. of Rupt. Unit Extension Deflection, Inches. 
Days Plain Reinf. Plain Reinf. Plain Reinf. 

7 334 408 0.000118 0.000178 0.0088 0.0151 
14 421 446 0.000136 0.000185 0.0124 0.0142 
21 470 471 0.000145 0.000193* 0.0125 0.0146* 
28 472 499 0.000137 0.000189 0.0117 0.0159 
63 590 549 0.000148 0.000188 0.0137 0.0154 


135 557 555 0.000166 0.000153 0.0137 0.0131 


Cured Inside. 


7 325 396 0.000155 0.000227 0.0138 0.0181 
14 420 487 0.000191 0.000240 0.0156 0.0175 
21 442 476 0.000164 0.000185 0.0131 0.0158 
28 410 420 0.000182 0.000185 0.0144 0.0127 
63 453 501 0.000135 0.000171 0.0112 0.0127 


135 503 467 0.000180 0.00020 0.0127 0.0128 





A very clear difference in the behavior of plain and reinforced speci- 
ments appears. 

It is apparent from Table II that the fabric reinforcement had in- 
creased the extensibility of both the beams cured outdoors and those cured 
indoors up to 63 days. The action is pronounced at early ages. 
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COMPARISON OF BEAMS WITH SINGLE AND DouBLE REINFORCEMENT. 


A comparison was made of the relative behavior of single and double 
reinforced beams in 1: 2: 3 concrete, stored outside exposed to the weather. 
The results are shown in Table III and Fig. 14. 
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FIG. 14.—-EFFECT OF AGE ON EXTENSION AND TRANSVERSE STRENGTH OF PLAIN 
AND FABRIC MESH REINFORCED CONCRETE EXPOSED TO WEATHER. 


TABLE III.—StTRENGTH AND EXTENSIBILITY oF SINGLE AND DOUBLE 
REINFORCED-CONCRETE BEAMS. 


Cured outside. 1:2:3 Gravel Concrete, Slump 31% in. 


Modulus Unit Extension Deflection 
Age in of at at 
Days Reinforcement Rupture First Crack First Crack 
7 Single 408 0.000178 0.0151 
Double 421 0.000174 0.0141 
14 Single 446 0.000185 0.0142 
Double 480 0.000175 0.0146 
21 Single 396 0.000170 0.0135 
Double 478 0.000164 0.0132 
28 Single 499 0.000189 0.0159 
Double 520 0.000171 0.0139 
63 Single 549 0.000188 0.0154 
Double 570 0.000158 0.0147 
135 Single DDS 0.000153 0.0131 


Double 549 0.000156 0.0125 
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These values show a greater strength but a less extensibility of the 
double reinforced beams as compared to the single reinforced at ages up to 
63 days. 


EFFECT OF REINFORCEMENT ON FATIGUE UNDER REPEATED LOADS. 


A series of fatigue tests of 1: 2: 3 concrete reinforced with 0.33 per 
cent of mesh is typified in Table IV and in Fig. 15. 


TaBLe IV.—Fatiaur Beams IN Faticue Test, SHowi1na VALUES oF EXTEN- 
SION AND TRANSVERSE STRENGTH OF PLAIN AND Fasric Mesu RErn- 
FORCED-CONCRETE BEAMS. 


4in. x 4in. x 30-in. Beams; 1:2:3 Gravel Concrete; 2 Days Initial Wet Curing, Then (1) Exposure to Weather 
(2) Storage in Shed; One Beam of each Exposure at each Age; Values Based on First Crack in Concrete 
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Table IV indicates that the eye-visible crack occurred at a greater ex- 
tension in the reinforced than in plain concrete beams under fatiguing 
loads. The values are erratic since only one beam is represented in each 
value. Table V shows the measurements on a parallel set of beams to those 
tested under fatigue, when the loads were applied progressively as in an 
ordinary laboratory test. In this case also there was a large and more 
consistent increase in extensibility in the presence of reinforcing. Fig. 15 
is a diagrammatic showing of the values in Table IV. 

A very clear difference in the behavior of plain and reinforced speci- 


mens appears. 
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FIG. 15.—-UNIT EXTENSION AND REPETITIONS OF LOAD ON PLAIN AND 
REINFORCED CONCRETE BEAMS UNDER FATIGUE TEST. 
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FIG, 16.—TYPICAL BEHAVIOR OF CONCRETE BEAM UNDER FATIGUE TEST, 
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The plain specimens break suddenly when the first eye-visible crack 
appears. When a crack forms in the stretched face of a reinforced speci- 
men and the load is then removed, the reinforcing steel pulls the edges of 
the crack tightly together again, so that the crack is no longer open. The 
steel continues to draw the edges together until the elastic limit of the 
steel has been exceeded. Evidently steel of a high elastic limit is of advan- 
tage for this purpose. Minute capillary fissures will also close up upon 
removal of load in the case of plain concrete. 


Taste V.—Faticue Beams In ProGresstve Loapinc, SHowING VALUES 
or EXTENSION AND TRANSVERSE STRENGTH OF PLAIN AND Fasric 
MesH REINFORCED-CONCRETE BEAMS. 



































4 in. x 4in. x 30-in. Beams; 1:2:3 Gravel Concrete; 2 Days Initial Wet Curing, Then (1) Ex to Weather 
and (2) Storage in Shed; One Beam of each Sagonsne at each Age; Values Based on First Crack in 
Concrete Visible to Eye. 
| Actual Values | Values in Per Cent 
Age | Sigs j | : 
| | Extension | Mod. Rupt Extension | Mod. Rupt, 
‘ Reinf. | 0.000215 590 aS a 
i -— —— ———_ ——— | —____-—____— —_——_—_—— -——— { ————_——___—_—_ — ——--— —_ 
Plain | 130 | 404 100.0 100 
Reinf. 200 «| =| (598 138.0 | aes 
14 —_—[——$S—$$$_ $$ | $f] | |_| a - 
Plain 145 518 100 0 100 
Reinf. 160 487 | 97.0 — 
21 — i a Ee "-e-ane Een 
Plain 165 | 48 | 100.0 — | 100 
Reinf. 190 | 514 118.8 | 103 
28 — a 
Plain | 160 | 499 100.0 =| 100 
; Reinf 205 | 783 110.8 103 
6 |---|} ———________ |. —-_____-_ 
Plain 185 | 756 | 100.0 | 100 
Reinf. 230 646 | 135.2 12 
140 a es |, Ae 
Plain 170 | 57 100.0 | 100 
Reinf 200 | 619.7 27.5 | 114.2 
Ave, |_—__—$——/ — ——__| ____— |—————— — 
Plain 159 536.3 i] 100.0 | 100 
H 








The microscopic fissures in the face of the beam and their relation to 
cracks visible to the naked eye were determined in the fatigue tests and 
shown in Table VI. It appears that these microscopic fissures or water 
veins, as they were termed by Feret, occur at an extension of approximately 
53 per cent in reinforced-concrete beams, and 67 per cent in plain concrete 
beams, of the extension at which eye-visible cracks appear. The number of 
repetitions of loads is approximately 40 per cent at the time of these micro- 
scopic fissures compared to the number of repetitions at the first visible 
crack. 

The typical behavior of a beam under repeated stress is shown in 
Fig 16, The plain concrete beam showed microscopic fissures at 11,000 
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repetitions and a unit extension of 0.00011, and then failed at somewhere 
in advance of 28,000 repetitions and a unit extension of 0.00015. The rein- 
forced beam showed microscopic fissures at 52,000 repetitions and the unit 
extension of 0.00012. Visible cracks appeared at 151,300 repetitions and at 
a unit extension of 0.00021. The test was stopped when a large crack 
approximately % in. in width opened at 220,000 revolutions. 

Fig. 17 shows a similar chart of a typical test of a 1: 2 mortar beam, 
16 days old, under fatigue. 


Taste VI.—RELATION or Microscopic To Eyve-VisisLe Fissure 


1:2:3 Concrete; Gravel Aggregate; Slump 314 in.; 2 Days Initial Curing Under Wet Burlap; Fatigue Tests 
4x 4-in. Section; 0.33 per cent Reinforcement. 











Microscopic Fissure Eye-Visible Fissure 
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Age Tvpe of | Storage sD fea | ; “fh ay "he | 
Beam | Unit Exten. | Applic. Load | Unit Exten | Applic. Load 
91 | Reif. | Laboratory | 0.00012 | 55,800 | 0.00025 | 149,000 — 
91 | Reinf. | Weather | 0.00011 | 65,300 | 0.00020 | 149,000 — 
28 | Reinf. | Laboratory | 0.00010 | 186,000 | 0.00019 | 214,000 
98 | Reinf. | Weather | 0.00009 | 75,000 | 0.00016 | 200000 — 
9 | Reinf. | Laboratory | 0.00010 | 100,000 | 0.00015 | 214,000 
28 | Reinf. | Weather | 0.00008 | 88000 | 0.00017 | 300,000 
9 | Plain | Laboratory | 0.00011 | 14,600 | 0.00018 | 20000 
98 | Plain | Weather | 0.00010 | 47,000 | 0.00018 | 176000 
67 | ~ Reinf. | Laboratory | 0.00012 | 68,000 | 0.00021 | 151,000 
67 | ~~ Reinf. =| Weather | 0.00010 | 42,000 | 0.00021 | 151,000 
de 67 : Ms Plain: ‘Laboratory | 0 00011 é 11,000 | 0.00015 | a 30,000 
—a_| Phin | Weather | 0.00000 | ango0 | 0.0013 | s2900 
Average Values 9.00010 | 66,800 | 0.00018 151,350 
in Per Cent 57.6 44.1 100 | 100 


SHRINKAGE MEASUREMENTS ON PLAIN AND REINFORCED BEAMS, 


When steel reinforcing bars prevent the natural shrinkage of a con- 
crete surface they bring about tensile strains in the concrete. These strains 
will increase as the steel bars increase in size. There appears to be a lowe: 
limit, however, where sraall bars in the form of fabric will serve to hold the 
concrete together and postpone the appearance of cracks visible to the 
naked eyes. Fig. 11 shows the degree to which 0.26 per cent of reinforcing 
caused restraint in the surface of these beams. 


TESTS OF WELL-CURED CONCRETE. 


In a preliminary series of tests of 1: 2: 3 gravel concrete in 1924 the 
relative deflection at first eye-visible crack of well-cured and also poorly- 
cured concrete beams was determined. One set was cured under wet burlap 
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until the time of test, and the other cured under wet burlap for only 2 days 
and then exposed to a continuous current of hot air at a temperature of 
70 deg. F. The beams were 6x8 in. and 5 ft. long, some plain and some 
reinforced with steel mesh to 0.26 per cent. Table VII states the value of 
the deflection of the dry-cured plain beams to be 85 when the deflection of 
the wet-cured plain beams is 100. 

Reinforcement appears to ameliorate the surface conditions caused by 
defective curing, especially in the case of the beams mixed to a 5-in. slump, 
when it has raised the extensibility of the dry-cured beams above that of 
the wet cured. [The strength of the air-cured beams is less in all cases.} 
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FIG. 17.—TYPICAL BEHAVIOR OF 1: 2 MORTAR BEAM 16 DAYS OLD UNDER 


FATIGUE TEST. 


A preliminary series of tests on 1: 2 mortar cured in the manner just 
related for 1: 2:3 concrete gave eight comparisons on the basis of speci- 
mens of the type used in fatigue tests. When tested under progressive 
loading the unit extension of the dry-cured beams was 77 per cent of the 
extension of the well-cured beams. 

This same value of 77 per cent was obtained also for beams tested in 
fatigue. The cone slump of this concrete was 14% to 24% in. Both plain 
and reinforced mortar enter into this average of 77 per cent. 

The significance of minute fissures compared to those visible to the 
unaided eye in terms of service of concrete under load and exposure is 
ohseure. Judging by teste made in Germany by E. Probst (Armierter 
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Beton, Vol. 12, p. 105, May, 1919) to determine the durability of reinforce- 
ment in concrete beens under load in an atmosphere designed to accelerate 
rust producing conditions, the very fine checks which accompany an elonga- 
tion of 0.010 per cent have no significance in terms of rusting of steel. 
From the observation of the surface of concrete roads where these checks 
are undoubtedly present, it would not appear that they have much signifi- 
cance in respect to the wear of the surface of the roads. 


TaBLeE VII.—ReELATIVE DEFLECTION AT First Eye-VIsiplLe CRACK OF 
DIFFERENTLY CURED PLAIN AND REINFORCED-CONCRETE 
BEAMS OF 1: 2: 3 GRAVEL CONCRETE 
Beams were cured (a) under wet burlap, and (b) in a continuous current 
of hot air. The deflection of the well-cured plain and reinforced beams is each 
expressed as 100. 





Relative Value of Air-Cured Beams 


Age Slump When Wet Cured =< 100 
in Days in Inches Strength Deflection 

14 % Plain 84.2 93.5 
Reinf. 90.8 98.0 

14 5 Plain 73.2 87.0 
Reinf. 83.5 125.0 

28 7 Plain 78.0 69.0 
Reinf. 83.7 102.0 

28 5 Plain 94.5 86.0 


Reinf, 98.5 145.0 


The conclusion from the data of the experiments is that mesh rein- 
forcement will postpone the appearance of the eye-visible fissures and lessen 
the defects arising from poor manufacture and curing of concrete. It fol- 
lows that reinforcing in small amounts should be of substantial advantage 
in maintaining the integrity of concrete surfaces. The investigation cov- 
ered concrete made with gravel aggregate and unfavorable curing condi- 
tions. Additional tests now under way employ several aggregates and 
normal curing. 
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Wuat ARE THE Most SIGNIFICANT ‘l'ESTS FOR CONCRETE? 
By A. T. GoLtpBeck.* 


Anyone who can definitely answer the question propounded by the 
title of this paper is indeed wise in concrete lore. So wide are the ramifi- 
cations of the various phases of materials, manufacture and uses of con- 
crete that it is difficult if not presumptuous for me to attempt a full dis- 
cussion of the significance of the various tests or to point out those which 
are most important. A full discussion, however, by those who have worked 
in the specialized departments of concrete should supplement and correct 
my own shortcomings as they will be revealed in the present paper. 

The Aim of Concrete Tests.--Stated in a general way, and eliminating 
special research, all tests made in connection with concrete are aimed at 
the final production of concrete suitable for given purposes. The purposes 
vary with the type of structure and the service which that structure must 
render. Before discussing concrete tests, it, therefore, will be necessary 
for us to have clearly in mind just what kind of resistance concrete should 
have, the general nature of the service it must render, and the desirable 
properties of concrete which will best perform that service. Then we shall 
be able to consider the tests suitable for evaluating those properties. 

All of us, with a little patience, could catalog the many uses of con- 
crete and most of us would be surprised at the length of our list. If we 
were to analyze each kind of structure from a service standpoint we should 
find that here the concrete is called upon for one kind of service, there 
for an entirely different kind and many structures would have service re- 
quirements in common. For instance, the main service of a protected 
column in a building is to resist constant or practically constant compres- 
sion of a predetermined amount; a sea wall is called upon to resist the 
abrasive action of ice and water-borne abrasives; the mechanical and chemi- 
cal action of salts in solution; stresses due to wave action; alternate freez 
ing and thawing, wetting and drying; temperature changes and static 
stresses. Culverts might have to withstand constant static loads, freezing, 
scour and surface abrasion and impact of traffic; pavements must resist 
direct tension, cross-bending, direct compression and shear, surface abra- 
sion and the influence of moisture changes, freezing and thawing and im- 
pact of traflic—a very severe combination of stresses indeed. In other uses 
such as stucco the material might be almost independent of the influence 
of imposed loads but be called upon for high resistance to conditions of 
weather exposure, involving temperature and moisture changes and freezing. 
In still other structures resistance against alkali might be the most impor 
tant consideration. Similarly, we ‘might enumerate the kinds of service 


*BRureau of Engineering, National Crushed Stone Association. 
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to be rendered by the concrete used in various structures. We would find 
in the end that concrete is called upon to have high resistance along certain 
well-defined lines as follows: 


Compression 
Tension 
Cross-bending 
Shear 

Impact 

Surface abrasion 
Chemical action 

Freezing 

Stresses from alternate wetting and drying 
10. Absorption 

11. Permeability 

12. Heat Resistance 


Fee PY 


| 
| 
Jonstantly applied or repeated 


Pit ad 


aM 


In some structures only one of the above resistances would be impor- 
tant; in others, still another would govern, while it is not impossible that 
some structures might require high resistance along all of the above lines. 
With the knowledge that concrete might be called upon to have resistant 
properties in any one or all of these directions, it becomes pertinent for 
us to inquire what sort of tests we should actually employ to insure con- 
crete of the necessary quality for the particular service it must render. 

At first thought one would undoubtedly conclude that the most sensible 
test or tests to use are those which most directly reveal the value of the 
particular qualities concrete should have for a given kind of service. Such 
tests might be termed primary tests. But, on the other hand, every concrete 
materials engineer knows that the direct or primary test for some of the 
desired properties of concrete are involved, time consuming, expensive and 
in some cases not well co-ordinated with service behavior. When the rela- 
tion between service and test results is indefinite, naturally, the test results 
have no definite meaning and the value of the test is questionable. It 
must also be borne in mind that some tests are very much more easily 
performed than others and that there often is a direct relation between 
one quality and another. It thus becomes possible to test the value of the 
particular quality of concrete which is required in the structure by making 
tests on another or other qualities. Such indirect tests might be termed 
secondary tests. Immediately, therefore, we are led to a consideration 
of the relation which the various properties of concrete bear to one another. 

The Compression Test.—The compression test is the most widely 
accepted of all tests as the criterion of the quality of concrete. No ques- 
tion can properly be raised as to the suitability of this test as applied to 
concrete which is to be subjected to compressive stress. But this test is 
also used to determine the quality of concrete which must be resistant to 
other kinds of stress. It seems desirable, therefore, to ask ourselves how far 
we are justified in accepting this quality as being indicative of the other 
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qualities concrete must possess under different forms of service. Let us 
attempt a comparison of the compression test with other tests fer concrete. 

The Tension Test—Dr. W. K. Hatt, in his recent bulletin on 
“Researches in Concrete,” quotes the following results between compression 
and tension from tests by O. Graf. 


RELATIVE EFFECT OF AMOUNT OF MIXING WATER ON STRENGTH IN 
COMPRESSION AND TENSION 





Per cent Water Ultimate Strength Relation of Tension to 


by Weight Compression ‘Tension Compression 
10.0 2500 259 10.4 per cent 
9.0 3000 255 8.5 
7.8 3360 285 8.5 
6.8 4100 300 7.3 





It will be noted that although the decrease in compression with 3.2 
per cent increased mixing water is 1,600 lb., or 39.1 per cent, the decrease 
in tension value is 41 1b., or only 13.6 per cent. 

The above table shows the variation in compressive and tensile values 
as the mixing water varies. It is seen that the relation of tension to 
compression is not a constant. Since there is no constant relation of tension 
to compression, even when the aggregates are identical in the mixtures 
compared, it seems entirely unlikely that there can be any fixed relation 
between these values in concrete containing many variables. Tension re- 
sults on concrete are very meagre and in view of the above it would seem 
quite advisable to make tension tests on concrete whenever resistance to 
direct tension is an important property. I feel that high resistance to 
tension is a very important property in concrete highways after the curing 
period has elapsed. We should attempt to get more information as to the 
tensile resistance of concrete, especially at early ages, and the many 
variables which influence this property should be investigated. These 
variables include the moisture condition at time of testing, characteristics 
of both fine and coarse aggregates, characteristics of cement and many 
others. 

Cross-Bending.—Concrete for highways is the most important exam- 
ple of concrete which must have high resistance to cross-bending. Tests 
have been made by a number of investigators on the relative resistance of 
concrete to compression and bending. Those reported by Prof. Abrams in 
Lewis Institute Bulletin 11, 1922, are rather typical. The following table, 
made up from that bulletin, shows the lack of any constant relation be- 
tween these properties. 

While the compressive strength was lowered 65.0 per cent the flexural 
strength was decreased only 21.8 per cent. Tests made by Wm. B. Fuller 
and reported in the American Society of Civil Engineers Transactions for 
1907 also show no fixed relation between compression and flexure. Still 
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other investigations bear out these results. We are, therefore, forced to 
the conclusion that where high cross-breaking strength of concrete is an 
essential quality, we cannot rely on the compression test to tell us whether 
or not we are obtaining concrete of the particular quality desired, and we 
had better resort to a cross-breaking test. It is true, that, in a general 
way, high compression goes hand in hand with high flexural resistance, 
but we often need more definite knowledge than that. For instance, in 
concrete road design we should know the value of the modulus of rupture in 
order that we might select a safe unit stress. Fortunately the cross- 
breaking test is even more simply performed than direct compression and 
is much more susceptible of use in the field than compression. The canti- 
lever form of specimen now advocated in some localities is particularly 
convenient, for with it the same specimen may be broken in several places. 





Flexural Strength 


Per cent Compressive Flexural Ratio: 
Mixing Water Strength Strength Crushing Strength 
11.0 3760 575 0.153 
11.3 3280 590 0.180 
11.7 3100 570 0.184 
12.1 2720 560 0.206 
12.5 2580 550 0.212 
13.8 1920 500 0.260 
16.7 1300 450 0.347 








Shear.—The direct shearing resistance of concrete is a quantity of 
minor importance, for it is almost impossible to develop the maximum 
shearing resistance of concrete without failure taking place in some other 
form of stress such as diagonal tension. A test for direct shear is not a 
particularly simple test to perform satisfactorily and such results as we 
have show it to be a high value not far from % of the compressive 
strength. It seems certain that concrete having high compressive strength 
also has high shearing strength and as the exact shearing value of concrete 
is relatively unimportant a compression test will give a close enough 
indication of the resistance to shear for all ordinary conditions. Even 
for those rare cases where direct shearing resistance might be important, 
the compression test should serve with sufficient accuracy. 

Impact.—Impact resistance of concrete is an involved subject just as 
is the abstract subject of impact. In discussing impact, the exact condi- 
tions under which the impact is delivered must be known. Thus, the size 
and shape of the test specimen, its support, the mass of the striking weight, 
its velocity at impact, the character of material in the striking weight, its 
shape, and perhaps many other factors enter to influence the results. If 
the resistance of concrete to impact is desired, the tests would have to be 
made under conditions as nearly approaching those of practice as possible, 
else the results will not be of any great value. As an illustration, the 
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form of impact test used by H. S. Mattimore’ as a measure of wearing 
resistance of concrete would be of no value for determining the impact 
resistance of concrete slabs under motor truck traffic. Here the form of 
test used by the U. S. Bureau of Public Roads* would be more suitable. 
Again, whether the specimen is subjected to flexure or direct tension or 
compression under impact will influence the results. Further, the structure 
might be subjected to repeated impact of small amount as against 4 com- 
paratively few impacts of large amount. In a general way, concrete having 
high compressive strength will have high resistance to most varieties of 
impact, and with our present knowledge, the compression test would seem 
to be the test best adapted as a general measure of impact resistance. 

Surface Abrasion.—The principal surface abrasion tests thus far made 
on concrete include: 


(1) The Talbot-Jones Rattler. 
(2) The Mattimore Impact Wear Test. 
(3) Miscellaneous Wear Tests. 


Under miscellaneous tests might be included the use of a concrete 
ring specimen mounted in a brick rattler and subjected to the abrasion of 
a charge of shot. The standard paving brick rattler has also been used 
with a specimen consisting of spheres of concrete. 

A test for surface abrasion is important only on concrete which is to 
be subjected to abrasion. A concrete highway furnishes the best example of 
surface abrasion, as do also the concrete pavements in railroad stations. 

Undoubtedly, the most comprehensive series of tests ever made to 
correlate the actual behavior of concrete under service conditions with the 
various tests of the quality of concrete are those made by the U. S. Bureau 
of Public Roads.* Twenty conclusions were drawn from these tests which 
need not be presented here. It is shown, however, that surface wear is 
affected by a great many factors. The important conclusions from our 
present standpoint are as follows: 


1, “That the Talbot-Jones wear test is not, in general, an indication 
of the wear which takes place under traffic.” 

2. “That neither the crushing nor the transverse strength of concrete 
is a measure of its wear-resisting properties.” 


It seems quite evident that we cannot make any of the common 
laboratory tests on concrete to determine how it will actually wear under 
traffic. The conclusions from the Bureau of Roads Tests, however, furnish 
an excellent guide as to how doubtful materials will behave in an actual 
road surface under wear. 





1 American Society for Testing Materials pPreceedings, 1920, Part II, page 
267, Concrete Aggregate for Highways, by H. Mattimore. 

2 Public Roads for April, 1924, Impact Teste on Concrete Pavement Slabs. 
by L. W. Teller. 

* American Society for Testing Materials Proceedings, 1917, Part II, page 
394, Tests of Concrete Aggregates, by J. P. Nash. 

*American Society for Testing Materials ee 1924, qost II, page 
864, Accelerated Wear Tests of Concrete, by F. H. Jackson and J. T. Pauls. 
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Mr. Mattimore’s test was, unfortunately, not used on the Bureau of 
Public Road specimens and I am unable to compare it with traffic effects. 
In general, it seems that high quality concrete, sufficiently workable to pro- 
duce a smooth finish is essential for uniform wear. Uniformity in aggre- 
gate is likewise desirable, and apparently the Deval abrasion test for stone 
is of some value, as it seems to be the case that stone having a per cent 
of wear greater than 7.0 wears faster than the mortar. There is need for 
the development of a suitable abrasion test for both gravel and slag. 

Chemical Action.—Chemical action on concrete covers a wide range 
of materials, among which are alkali and sea waters, animal and vegetable 
oils, tanning liquors, sulphite liquor, vinegar, sugar solution, molasses 
and acids of various kinds. Considerable investigation has already been 
performed to discover the action of various chemicals on concrete, and the 
effect of a number of substances is summarized in Appendix 17 of the 
Report of the Joint ‘Committee on Standard Specifications for Concrete 
and Reinforced Concrete, 1924. High quality concrete is not always 
effective in resisting chemicals but is more or less effective for others. 
Certainly where the destructive action of chemicals is to be resisted, con- 
erete of the very highest quality is necessary and low absorption combined 
with high strength seem to be important characteristics. It should go 
without saying, however, that the action of doubtful chemicals should be 
investigated and reliance should not be placed alone on those tests such 
as compression and absorption which indicate concrete of high quality for 
chemical resistance. 

Freezing.—Although much investigation work has been done on the 
effect of freezing on building stone, brick, and to some extent on drain tile, 
results on concrete are very meagre and the research now under way at 
the U. S. Bureau of Public Roads will furnish a welcome addition to our 
present small fund of information. Resistance to freezing seems to be de- 
pendent on a number of factors, including strength of concrete, absorption, 
amount of fine material, character of aggregates, richness of mixture, con- 
sistency, and no doubt others. One very important factor in the effect of 
freezing is the amount of water available for freezing. A specimen, satur- 
ated when placed in a freezing temperature will not necessarily be affected 
by freezing unless additional water is supplied to keep the specimen satu- 
rated during the freezing process. 

It is felt that the technique of freezing and thawing tests, as such, 
or in their artificial form involving sodium sulphate crystallization within 
the pores of the concrete, is not satisfactorily developed. At the present 
time we had better resort to secondary tests and where high resistance to 
freezing is necessary the concrete should have, (a) high compressive 
strength, (b) low absorption. Moreover, tests on the aggregate should 
indicate (a) a low percentage of fine material passing the No. 100 sieve, 
(b) high resistance of the coarse aggregate to the sodium sulphate test or 
to a proper freezing and thawing test and low absorption. 

Alternate Wetting and Drying.—It is now well established that con- 
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erete expands when wet and shrinks when dry. It has also been demon- 
strated that the richness of the mix and the character of the cement have 
much to do with the amount of movement which takes place. If the con. 
erete is confined and is subjected to change in moisture, stresses are set 
up, now compressive, now tensile. For instance, in a highway, high shrink- 
age develops frictional resistance between the slab and the subgrade and 
tension is produced in the concrete. High moisture at the bottom of the 
slab and drying out at the surface produce bending stress. 

Prof. Alfred H. White, of Michigan, tells us that concrete grows in 
length under conditions of exposure, and there seems to be no question 
that this effect combined with temperature effects has often resulted dis- 
advantageously. In most cases a proper design of the concrete structure 
can be made to care for this effect of moisture, and it is not apparent that 
any particular test need be made on concrete to investigate this property. 
Where moisture-shrinkage and expansion are important, as they are in con- 
crete highways, there seems to be good reason for believing that a shrink- 
age or expansion test on portland cement might be of very real value. 

Absorption.—Resistance to absorption is an important property ot 
concrete under many conditions. Certainly low absorption is a vital prop 
erty of concrete exposed to the weather. High strength and low absorp- 
tion are not necessarily complementary properties and therefore an 
absorption test on concrete might well be required for severe exposure con- 
ditions, especially where there is almost constant moisture which is likely 
to freeze. Observation of lean and highly absorbent concrete exposed to 
continuous moisture and freezing certainly has indicated its lack of per 
manence under these conditions, while richer mixtures were not similarly 
affected. Evidently the absorption test is also an important one in con- 
nection with certain concrete products such as concrete blocks, for the 
quality of proper “suction” is a significant one with such products. 

Permeability.—One of the most complete series of permeability tests 
thus far published are those by Prof. M. O. Withey, of Wisconsin. From 
his tests it seems evident that, assuming proper curing, there is a rather 
decided relation between permeability and crushing strength, and properly 
cured broken stone or gravel concrete having a compressive strength of 
2,500 lb. per sq. in. is water-tight. Insufficient curing, however, increases 
the permeability, but might not appreciably decrease the compressive 
strength. Apparently, also, a well-graded aggregate following Fuller's 
curve is of help in producing impermeable concrete. With sufficient curing, 
it might be assumed, therefore, that high compressive strength in concrete 
having well-graded aggregate, sufficiently insures its permeability. 

Fire Resistance.—Fire resistance is dependent on a number of factors. 
Thus, the character of both the fine and the coarse aggregate is very im- 
portant and so also is the richness of the mix. Certainly fire resistance 
of concrete is a special property dependent on things other than com- 
pressive strength or any of the other tests thus far mentioned. Unless 
information already exists on the fire resistance of any particular aggre 
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gate which is being considered, it would be well to have special fire tests 
made on concrete containing that aggregate, for the fire resistance of 
concrete can be judged in no other way. 

Resistance to Repeated Stress.—lt is a fact that our information on 
the effect of repeated stress in bending on concrete is far from complete 
notwithstanding the very excellent work of Dr. Hatt at Purdue Univer- 
sity, of H. F. Clemmer at the Illinois Department of Public Works and 
Buildings, and by Dean A. N. Johnson, of the University of Maryland, 
and the older tests in compression by J. L. Van Ornum at Washington 
University at St. Louis, and H. C. Berry at the University of Pennsylvania. 

How is resistance to repeated stress affected by the characteristics of 
the aggregate and the moisture condition of the specimen? Will repeated 
compressive stresses follow the same laws as repeated tensile or cross- 
bending stresses? Have we any reason to believe that the resistance of 
concrete against repeated stresses applied hundreds of thousands of times 
can be measured by its resistance against a single load applied once? 
At present we cannot answer these questions. In general, it seems to be 
the case that high quality concrete as measured by the compression test, 
tension or cross-bending shows high resistance to fatigue, and that probably 
is as definite a statement as should be made. More study should be given 
to repeated stresses, particularly as their effects are influenced by the 
aggregates and moisture condition and too much reliance should not be 
placed in static load tests made on specimens in a given moisture condition 
for determining the resistance of concrete to fatigue, especially when tested 
under an entirely different moisture condition, 

No doubt other tests for special properties of concrete such as thermal 
conductivity, bond, consistency or workability and likewise tests for the 
constituent materials would be well worth discussing. But enough has 
been said to indicate the importance of giving very careful consideration 
to the service to which concrete will be subjected, for the service should 
determine the particular properties to be built into the concrete. Special 
properties in many cases require special tests, while in some cases the de- 
sired properties may be foretold by means of secondary tests more simply 
made than primary tests. 

In a general way high resistance to compression is an indication of 
high quality concrete, but it is often necessary to have more exact infor- 
mation on the particular qualities of concrete intended for a given purpose 
than are shown by the compression test. In those cases tests should be 
made for the specific qualities desired. 








Mr. Lindstrom. 





DISCUSSION. 


Rosert SerH Linpstrom.—That was a very interesting paper, and | 
wish to give you some of my experiences in the field. Some three years ago 
we had some sand on the job called torpedo sand. It seemed somewhat 
dirty and with the colormetria test applied, everything seemed to be all 
right as to cleanliness. It was sent to the Robert W. Hunt Laboratory, 
and was found to meet with the Fuller test as to the grading of same. 
After taking sand from six jobs in the city of Chicago sold by six different 
dealers and sand coming from six different gravel pits, the only variation 
was in passing the 14-mesh sieve with only 2 per cent off from the Fuller 
formula. So the sand we are getting in Chicago as torpedo sand is practi 
cally perfect as to grading, except that the Fuller formula is that no per- 
centage shall pass a 100-mesh sieve, while these sands taken from the actual 
job show that 3 per cent does pass the 100-mesh sieve, which practically 
substantiates some of the arguments here that at least 5 per cent of fine 
sand for getting good concrete should pass a 100-mesh sieve. 

That fineness may be taken care of partially in portland cement, when 
you take portland cement of standard fineness of 78 passing a 200-mesh 
sieve, you get a 22 per cent residue on the sieve. That residue you call 
inert matter, or sand forming part of the percentage passing a 100-mesh 
sieve. 

The question was brought out as to the abrasion and compression test. 
That is a very vital point, if we take into consideration the paper read 
by the man from Washington on earthquakes, which shows that we will 
have compression to contend with in foundations and walls against earth 
quakes, where quakes are of consideration. Personally, I am interested 
in floors and therefore in the compression test, as I find that when you 
take a portland cement of the finer grinding than that of standard port- 
land cement, the more fine sand you add to the mix to take up the differ- 
ence of the standard residue of 22 per cent. 











THe EFFECT OF VARIED CuRING CoNDITIONS UPON THE 
COMPRESSIVE STRENGTH OF MORTARS AND CONCRETES. 


By Herpert J. GILKEy.* 


INTRODUCTION. - 


The curing conditions considered are only those dependent upon the 
effect of moisture, or the lack of it, on the strength of portland cement 
mortars and concretes. Other important factors, such as temperature 
changes, impure curing waters, etc., are not here considered. 

To the thoughtful concrete operator, designer, or investigator, many 
questions as to the effect of curing conditions upon the strength of concrete 
must continually occur. Some of these may be listed as follows: 


1. For how long should concrete be kept moist after being placed? 

2. Is intermittent wetting or sprinkling as effective as genuine moist 
curing? 

3. Is an early drying out permanently detrimental to the concrete? 
(a) If the concrete be subsequently subjected to standard moist condi- 
tions? (b) If the concrete remain in the dried out state? 

4. Will alternate saturation and drying out give a concrete stronger 
or weaker than one subjected to one condition or the other? 

5. Concrete cured moist is stronger than that dry cured, but is the 
difference enough to be of practical interest? 

6. Concrete cured moist but dried out at test is stronger than the same 
concrete tested wet, why, and to what extent? 


7. Is moist storage as essential to wet mixed concrete as it is to dryer 
mixes ? 

8. Do mixes of different richness respond in the same way and to the 
same extent, to different curing methods? 

9. Is there any essential difference between the curing of concrete and 
mortars? 

10. How is curing affected by size of specimen or body of concrete? 

11. If one of a series of specimens has been left exposed to the air a 
day or more longer than its mates (possibly for recapping, as sometimes 
occurs) will this specimen differ in strength due to the difference in treat- 
ment? (a) If the mold were left on during exposure? (b) If the mold 
were removed and the specimen in contact with the air during the ex- 
posure? 


* Associate Professor of Civil Engineering, University of Colorado. 
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12. In building construction, would leaving forms on for longer 
periods assist in curing? 

13. Should special precautions be taken in building construction to 
avoid drying out, especially if heat be used to prevent freezing? 

14, Some laboratories habitually remove specimens from moist storage 
one day before test. Will this procedure permit a fair measure of relative 
strengths of: (a) Specimens of different sizes (as the standard 6 x 12-in.; 
8x 16-in., and 2x 4-in. cylinders). (b) Specimens tested at different sea- 
sons of the year or at different locations where evaporation rates vary? 

15. Is the strength change proportional to the change in moisture con- 
tent: (a) If the moisture be lost before moist storage starts? (b) If the 
moisture be lost after moist storage but prior to test? (c) If equal mois- 
ture losses in either of the above cases be attained at different rates, i.e., if 
a specimen attain a given loss (1) at a rapid rate, or (2) at a slow rate? 

16. How do rates of evaporation compare with rates of absorption: 
(a) For specimens of the same size? (b) For specimens of different sizes? 

17. How does the curing environment affect the phenomena of “au- 
togenous healing”? 

18. To what extent do the results from these tests accord with other 
similar tests? 

19. Will any rule for relation between 7-day and 28-day strengths hold 
true for variable curing conditions? 

20. Can the subject of curing be condensed into a general law or basic 
principle that will enable the concrete practitioner to predict with reason- 
able accuracy, the strength of an otherwise known concrete, under a variety 
of known or assumed curing conditions? 


These are some of the questions to which it has been attempted to find 
answers by varying storage conditions for mortars and concretes. The tests 
include investigations of: 


1. Delayed moist storage with and without the mold left on. 
2. Varying periods of moist storage by removal from storage prior to 
test. 
Intermittent dipping continued for varying numbers of days. 
Intermittent soaking and drying for varying numbers of days. 
The changes in weight due to gain and loss of water in curing. 
The phenomena of autogenous healing as effected by the curing con- 
dition between test and re-test. 

An effort has been made to co-ordinate some work of others with the 
results of these tests. 


AP 


Method of Treatment.—The list of questions propounded is long, if not 
exactly imposing. Careful perusal will reveal some duplication. One phase 
of the problem may apply equally to the laboratory and to the field. Yet 
the laboratory man may miss the point of interest to him if a fleld setting 
be used, and vice versa. 
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Complete answers to all questions are not guaranteed. Some prob- 
lems are hit rather squarely, while others receive only superficial and 
glancing blows. At least some light is promised on each question pro- 
pounded, and it is hoped that if the light does not illumine the dark spot, 
it may at least serve to start profitabie trains of thought, bring forth an 
interchange of ideas, and experience, and stimulate further experimentation 
to fill in doubtful gaps. 

The subject matter of this paper is not technical, even though some 
of the curve sheets do show evidence of congestion. 

A very intentional effort has been made, at the cost of considerable 
repetition of certain identifying data and notes, to make each table and 
graph (especially each graph) self-explanatory, so that its content may be 
studied with a minimum amount of cross-referencing and text explanation. 

The text will therefore consist only of necessary amplification of 
graphs and tables, with an attempt to point out just where the findings 
have a bearing on certain of the introductory questions. The order of treat- 
ment will correspond to the numbering of the tables and figures. 


Acknowledgment.—The tests were conducted in the concrete laboratory 
of the Department of Civil Engineering at the University of Colorado. 
They were only made possible by the hearty co-operation of Prof. W. C. 
Huntington, head of the Department of Civil Engineering, in allotting 
funds from a small and over-worked departmental budget, to establish and 
equip a thoroughly up-to-date concrete laboratory. L. E. Richardson, 
Alfred Kelly, Einar Lindstrom, William Eager, and Miss Edna Bretnall, 
all students or former students in the college of engineering, rendered val- 


uable assistance in making specimens and tests, and in the reduction of 
data. 


THE TESTS. 


Tables.—Table 1 gives a complete index to the tests. Data and treat- 
ment of a mortar or concrete (Col. a) for any curing condition (Col. c) 
can be located in the tables (Col. d) or figures (Col. e). In all cases 
actual proportioning of materials was done by very accurate weighing. In 
some series, however, the weights used in designing the mixture were based 
upon the equivalent loose volume, and, in other cases, upon the equivalent 
absolute volume. Still other series were designed by weight proportions. 
Moreover, the weight per cu. ft., as determined by the A. 8S. T. M. standard 
method (C. 29-21) differs from actual loose weight (untamped). The lat- 
ter is, of course, too variable to use as standard loose weight, but was, 
nevertheless, a fairer basis for approximating commercial proportions than 
any other. Due to these considerations, Table 1 contains four different 
columns of proportions. Some men habitually think of concrete in terms of 
one method of proportioning, and some in another. In using the table, one 
may think of and compare mixtures in his own terms. 

Between 600 and 700 compressive tests were made. Some series were 
quite comprehensive, while others were small, being outline or reconnois- 
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sance tests. Complete data are given for all the major series. The results 
from some of the smaller series appear herein only on the graph sheets. 
The results in both major and minor series were extremely uniform, and 
it is felt that the degree of dependability is very high. In most cases 
plotted tests follow the general trend so perfectly that even a skeleton 


TaBLeE 1.—OvTLINE or TEsTts—INDEX AND SUMMARY. 
























































Proportions | % 
‘ sanat Tables , , — |W] Tests | No. 
Series Description No. | Fig. No. Loose Volume! C| made epee! £ 
| Wt. Abs. vol. | | - 
Actual Std. | Zz 
a} Col. b c d e f g h i bf Bad to 
MI (a) |DelayedStorage| 5,6 |1,6,7,9,| 1:2.26 | 1:25 | 1:25 | | 1:2.96 |0.70|1925 Sum.| 84 252 
10, 11, 1: 
(b) |Out Before Test} 5,7 | 1,6,8,9, } 144 |432 
10, 11, 13 
(c) | Intermittent 5.8 | 2,7,8, 13 “s . oa Sade See 
Wetting 
(d) re. Testa (a) | 5,6,7,8|8,9,10,13)  “ Po ee$ uel % “ | 50 |200 
¢) | 
5 (e) |8 mo. Tests (a) |5,6,7,8,9/8,9, 10,12)  “ a " . . . 20 | 90 
S (b) (c) 
2 (f) |Autog. Heal 5,9 12 " ¥ . ; 2 11 | 
7 da.—3 mo. , 
M2 (a) {Molds On vs. |........ 11 1: 1.53 1: 1.45 1: 1.69 1:2 |0.65]1925 Spr. | 30 |. 
—Delay 
(b) {Out Before Test)........ 11 a Ps } = : | 12 |.. 
M3 (a) |Strengthvs.Age) 10°] 13) | 1:2.26 | 1:2.15 | 1:25 | 1:2.96 |0.70|1925 Sum.| 75 | 
Cl (a) |DelayedStorage) 11 | 3,6,7,11) 1:2:4  [1:1.90:3.57 1: 2,22: 3.46|1:2.62 :4.24)1 10/1925 Fall | 24 1672 
(b) |Out Before Test} 11 | 3,6,8,11| 1:2:4 * Asif Me Ort SO ES 
C2 (a) |DelayedStorage| 11 | 4,6,7,11 = * 0 0) . 24 
(b) [Out Before Test} 11 | 4,6,8,11 “ “ Hes mMiag | 24 
C3 (a) [Molds On vs.|........ 5, 6, 7, 11 | A: 1.53: 2.83] 1: 1.45: 2.53) 1: 1.60:2.45| 1:2:3  |0.65]1925 Spr. | 22 |150 
Off—Delay | | 
Abrams (a)|Out Before Test|........ 12 1:4 (Graded from 0-144) |0.66] | Lewis Inst., 
& 11.09) / Bull. 2 
FS | Table IV 
E Abrams (b)/Out Before Test!........ 11 1:4 (Graded from 0-114) BS a ek Loe en. 
ull. . 
| | Table V 
Green Out Before Test}........ 11 MOORES Salafescutct crac wpdes a4 eRe ..|Proc. A.S.T.M 
1919 Part I 
| p. 608 








1 Loose vol. actuai= proportions as based on unit wt. of sand and stone shovelled loose into measure. 
Loose vol. std.=proportions as based on unit wt. of sand and stone per A.S.T.M. Std. C29-21. 
Cement assumed to weigh 94 Ib. per cu. ft. in both cases. All tests compression. Made at 28-da. unless otherwise noted 


series gives evidence of real value. A large number of weighings (Col. m) 
-was taken in order fully to control the weight changes. 

In Table 2 are listed the general properties and characteristics of the 
mortars and concretes. Weights in pounds per cu. ft. and voids data are 
given in some detail. It is felt that these are terms in which the “con- 
crete” public will do well to acquire the habit of thinking. In mixtures as 
wet as those generally used, the voids in the concrete or mortar as made 
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Table 3 gives the properties of the materials used, which were iden- 
tical throughout the tests. One-size coarse aggregate (% to 1) was em- 
ployed in order to eliminate possible variation in results due to non-uni- 
form grading. The stone is a very silicious hard clean crushed sandstone, 
and from these and numerous other tests it has been proved to be an admir- 
able aggregate for eoncrete. The sand was not unlike most river sands, and 
had been washed. Quartz particles predominated, with a fair proportion 
of granite and other kinds of pebbles. 


TABLE 3.—PROPERTIES OF THE MATERIALS. 
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Coarse Aggr ...| White Sandstone (Quartzite)..| 34-1 | 2.57 | 0.91 | 81.4] 91.0] 0.568] 0.432] 8.00 
Fine Aggr...... Vashed Gravel ‘ OA 2.66 | 1.30 | 104.0) 109.F| 0.66) 0.340) 2.67 
Cement........ Colorado Portland U.S. Brand} — | 3.15 Assumed 94.0) 0.478) 0.522} — 














Table 4 requires no explanation. It represents an average of many 
sieve analyses. 


TABLE 4.—SrievE ANALYSIS OF SAND. 





Tyler Sieve No. 4 8 14 | 28 | 48 Fineness 


Modulus 
Retained on Sieve (percentage by wt.)..............| 0.00/10.64|19.50/21.60/27.75|15.85| 4.66, — 
m “(cumulative percentage by wt.) ..| 0.00}10.64/30.14/51.74 70.40/66 34) — 2.67 
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Table 5 should be of great assistance in studying, visualizing, and 
evaluating the data of the major series. All the specimens from Series M1 
(a)-(f) ine., are here arranged in their order of strength. Col. (a) there- 
fore represents both the line number and the relative strength of any one 
specimen of these series, as compared to the strength of all the others. 
Since it may often be desired to know just where a specimen stood in re- 
lation to others of its own age or its own series, Cols. (b) to (h) ine., 
supply the data for almost any sort of comparison that could be desired. 
In like manner relative strengths on the basis of various percentages are 
shown in Cols. (n) to (s) inc. Some persons think in terms of 28-day 
strength, others in 7-day or 3-mo. strengths. The data of these columns 
give, as in the preceding case, an opportunity to compare strengths on any 
one of a wide range of standards. Throughout these series dry air storage 
was of two kinds Col. (k). I represents the air of the concrete laboratory, 
located in the basement with several tanks of water about. II is the air 
of the materials testing laboratory, upstairs and much drier. The rate of 
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Taste 5.—Mortar 2 x 4-1n. SpecIMENS ARRANGED IN ORDER OF COMPRESSIVE 
SrrENGTH: Series M 1 (abcdef). 


Proportions; 1:2.5 by Wt. W=0.70. Tested at ages of 7 da., 28 da., and 3 mo. Storage conditions: wet, dry I & IT, 
delayed, out before test, intermittent wetting, autogenous or retest. 
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Tasie 5.—Morrtar 2 x 4-1n. SpectmeNs ARRANGED IN ORDER OF COMPRESSIVE 
Srrenotu: Series M 1 (abcdef). (Continued.) 


Proportions; 1:2.5 by Wt. w =0.70 Tested at ages of 7 da., 28 da., and 3 mo. Storage conditions: wet, dry I & II, 
delayed, out before test, intermittent wetting, autogenous or retest. 












































































































































Order of Strength Storage conditions Percentage Str. in terms of | 
- = | 
Pr. 7 2 7 13 mo|5ame 

RS Meet llerl ¢ te 

ao Og eed eee Lec based bed | 

4 H 3 4 Description aie | 2] ee sf 

ible Bie |8\- og are | 2S Vey PD lal|ls .d6| = |S 

spec. = ee oS 

ilalslalgels 3 at 7 da. and 3 mo.) I Dry 4 | £/ Sek l z 
Be \o0 188 |e~ |S |S || @ AP AR @ a S12 | ‘Sig 

D~ ms Wet| Wet oie si @ ott 
Ss Scleleletete a| §| 8| 2/ 8| 3 eases: 
alibicidie|figibii j kil jmi no C) p q r s |tlulviw 
59). .)..1 11. . 138)... 7| Out at 4da........ I D (3240) 77.2) 57.7|177.0\123.6| 57 8) 123.6) 7/35) 1)., 
60]..|..| 2]../29}.. 7| Out at 3 da II | D |3150| 75.0) 56.1)172.1/120.2) 56.2)120.2| * |34) 1)... 
61). .}45]..|..|40).. 28] Out at 3da.......... I D |3115) 74.1) 55.6)170.2|118.8) 55.6 74.1)" 135 es 
62). ./46)../21|..|..|. .|28] In at 12 da W /|3100| 73.8) 55.3)169.3)118.3) 55.4) 73.8 6) 17) 4).. 
63)..|..] 3}..|41)..]..| 7] Out at 5da.......... II | D |3100) 73.8) 55 3)160.3)118.3) 55.4)118 3) 7/38) 1}.. 
64). ./47|..|..|..] 8]. .|28] Dip 2-24 da. inel IL | D |3060| 72.8) 54.5/167.2/116.8| 54.6] 72.8 8| 8| 4)... 
65). ./48)../22). .|..|. ./28) In at 15 W |3000) 71.4) 53.5|163.8/114.5| 53.6) 71.4) 6/18] 4).. 
66)..|..| 4). ./42]..|.-| 7| Out at 4da......... II | D |2940| 70.0} 52.4|160.6|112.2| 52.5/112.2) 7/36) 1)... 
67). ./49). .|23). |. .|. .|28) In at 18 da..........} L | W |2000) 60.1) 51.7/158.4/110.6) 51.8) 69.1 6/19) 4 : 
68]. .|50)..|..|43]..|..128] Out at 3da.......... If | D |2896) 69.0) 51.5)158.2)110.5| 51.6) 69.0) 7/36) 2).. 
69). .)..) 5}..}..] 91..] 7) In 1 out 1 for6......| I D |2870| 68.3) 51.1/156.7|109.5| 51.2)109.5) 8) 5) 1).. 
70)..)..] 6). .}44]..]..| 7} Out 7hr........... II | D |2820) 67.2) 50.3|154.0]107.6| 50.4/107.6) 7| 7] 1].. 
71)..J|..] 7]..|45)..]..| 7] Out 12 br...........] IL | D |2760| 65.8) 49.2/150.7/105.3) 49.3/105.4/ “| 9) 1).. 
72)..]..] 8}..|..]10]..| 7] In 1 out 1 for6...... II | D |2760| 65.7) 49.2)150.7|105.3) 49 3105.4) 8) 6) 1).. 
73)..1..| 9}. .146)..]..| 7| Out 7hr............ I D |2700, 64.3) 48.1/147.5|103.0| 48.2/103.0) 7| 6 | 
74). .)51]../24). .|..|. .|28] In at 21 da I | W |2690| 64.1) 47.9 146.9 102.6) 48.0) 64.1| 6/20) 4).. 
75). .|..|10}..|47)..1..| 7| Out 1.25 be II | D |2690| 64.1) 47.9,146.9 102.6) 48.0/102.6) 7) 3) 1).. 
76). .}..)11)../48)..|..| 7] Out at 2da........ Il | D |2670) 63.5) 47.6|145.8|101.9) 47.7|101.9) “ |32) 1).. 
77|. .|52).. 49|..|. .|28| Out at 2da........ D |2667| 63.3) 47.5|145.6|101.8| 47.6) 63.3) |37) 4|.. 
78}. .|..{12|25}50)11| 5) 7| Aut. Wet 7, Dry W | W /2630) 62.6) 46.9,143.6|100.4| 47.0/100.4 a 4 ahwic 
79). .|. .118/26)51}12). .| 7) Std.................. WI W 2620) 62.4) 46.7/143.1/100.0| 46.8/100.0) 6| 1) 3).. 
80). ./53]. .|. 162). .|. 128} Out at 2da........ Il | D |2620) 62.4) 46.7|143.1/100.0| 46.8) 62.4) 7/38) 1).. 
81]. .|..|14|27/53)13| 6| 7| Aut. Wet 7, Wet.....| W | W |2615| 62.3) 46.6)142.8) 99.8) 46.7) 99.8) 9| 5) 2/.. 
82]. .). .115). .154 ee 6 5. | II | D }2590) 61.7) 46.2)141.5) 98.8) 46.3) 98.8 7| 5) 1). 
83). .|54). . .. 14]. .|28| Dip 2-7 da. inel . . . II | D |2560) 61.0) 45.6)139.8) 97.7) 45.7| 61.0) 8) 9 4).. 
84). ./55). 28]. .|..|. (28) In at 24da..........| I | W }2440) 58.1) 43.5]/133.3) 93.1) 43.6] 58.1) 6/21) 4/.. 
85). .|../16/29)..|..|..] 7] Inat2da...........| I | W |2430) 57.8) 43.3)132.8) 92.8) 43.4 92.8) ""| 2 3i.. 
86). .|..j17]..|. 15). .| 7| Dip 2-3 da. inel..... If | D |2400) 57.1; 42.8)131 1) 91.6) 42.9) 91.6) 8)11) 1).. 
87/15). .|. .|30/55)16)..) 3) Dry............... II | D }2388) 56.9] 42.5/130.5] 91.1] 42.6] 42.6] 6/28) 5/.. 
88}. .|56) . . '31)56)17 SUES A rikion aauknc en's ke ¢ I D 12350) 56.0) 41.9|128.4) 89.7) 42.0) 56.0) “* |13) 4) 
89). .|57)..|..|. . 18}. .[28| Dip 2-3 da. inel...... I D |2340| 55.7) 41.7|127.9) 89.3] 41.8) 55.7) 8/12) 4).. 
90}. .|. .|18)32]. .|..)..1 7| Inat2da...........| IL | W |2203) 54.6) 40.8/125.3| 87.5) 40.9) 87.5} 6) 3) 3).. 
91/16). .|. .|83)57|19)..| 3) Dry................ I D |2278| 54.2) 40.5|124.4) 87.3) 40.6) 40.7)“ |13) 5).. 
92). .}58)..|..|. .|20). .|28| Dip 2-3 da. incl...... II | D |2253) 53.6) 40.1|123.2) 86.0) 40.2) 53.6) 8)11) 4).. 
93}. .}../19)34)..|..]..] 7] Inat3da...........| IL | W |2245) 53.4) 40.0)122.6! 85.7) 40.1) 85.7) 6) 5) 2/.. 
94|..). 120185). .|..|..| 7) Inat3da......... I | W [2230 53.1) 39.7|121.8) 85.1) 39.8) 85.1) 6) 4) 2).. 
95)... .121|..|..|21)..| 7] Dip 2-7 da. inel...... II | D |2220) 52.8) 39.6|121.3) 84.7| 30.7) 84.7) 7) 9] 1).. 
96). ./50). 136]. .|..}. .|28) In at 25 W /|2215| 52.7) 39.4/121.0) 84.5) 39.5) 52.7) 6/22) 4).. 
97|..]. 122]. .|. .|22)..| 7| Dip 2-7 da. inel.... 1 | D |2200| 52.4) 39.2|120.2) 84.0) 39.3) 84.0) 8/10) 1).. 
98). .|60). .|37|..|..|. .}28) In at 26da.......... W [2150) 51.2) 38.3)117.5) 82.0) 38.4) 51.2] 6/23) 4).. 
90)..|..123). .|..|23]..] 7| Im 2 out 2 for 7...... II | W |2150) 51.2) 38.3/117.5| 82.0) 38.4) 82.0) 8} 3) 1).. 
100}. .|. .|24/38)..|..|..| 7] Inat4da........... W (2000; 49.7| 37.2|114.2| 79.7| 37.3) 79 7| 6) 7| 1).. 
101)... faa PS). kate ggitg rte I | W |2065) 49.2) 36.8)112.8) 78.8) 36.9) 78.8] 6) 6) 2).. 
102). .|. .|26). .|58}..|..| 7| Out 1.25 hr.......... I | D |2030| 48.7) 36.1|110.9) 77.5) 36.2} 75.5) 7) 2) 1).. 
103}. .}61). . }40}50|24). .|28] Dry................ II | D |1006) 47.5) 35.6)109.1) 76.2) 35.7) 47.5) 6/28)12).. 
104/17). .|. .|41/60}25| 7) 3 Aut. Dry 7, Dry II-I | D |1035| 46.1) 34.5|105.7| 73.8) 34.6) 34.6) 9| 7) 2).. 
105/18}. .|. .|42/61/26; 8} 3} “ “ “ “ -I | D 11030) 45.9) 34.4/105.5| 73.6) 34.5) 34.5)| 6) 2/.. 
106}. .|. .|27|43|62/27| 9} 7) “* “ “ “ I | D {1030} 45.9) 34.4/105.5) 73.6) 34.5) 73.6)“ | “| 2/.. 
107}. 44\..|..]..| 7] Inat5da........... II | W |1920) 45.7) 34.2|104.8) 73.3) 34.3) 73.3) 6] 9) 1).. 
108}. .|. .|/29}45/63/28/10) 7) Aut. 7, cas ce Il | D |1015| 45.6] 34.1/104.6| 73 1) 34.2) 73 1) 9} 7) 2).. 
109). .|. 180/46). .|..|..| 7) Inat6da........... II | W |1900) 45.2) 33 8|103 8) 72.5) 33.9) 72.5) 6)11) 1/.. 
110}. .|. .131/47/64/29)..| 7] Dry..............-. II | D |1875| 44.7| 33.4|102.5| 71 6) 33.5) 71.6) |14) 4).. 
111}. .|. .[82}48165)30)..) 7] oo. eee eee eeee I | D }|1871) 44.5) 33 3/102 2) 71.4) 33.4) 71 4) |12) 4).. 
112]. .|. .183/49166|31/11) 7| Aut. Dry 7, Wet.....| If | D |1850| 44.0) 32.9|101.1| 70.6) 33.0) 70.6} 9) 9} 1).. 
113). ./62).~ |50). .|..|..|28) In at 27 da.......... I | W |1850) 44.0) 32.9)101.1| 70.6) 33.0) 44.0) 6/24) 4).. 
114). . 63}. .|51/67|32|. (28) Dry................ II | D {1830} 43.6) 32.6|100.0| 69.8] 32.7) 43.6) |26| 4)! 
115}. .|. .)84)62)..)..|..1 7) InatSda.......... I | W /1815) 43.2) 32.3) 99.2] 69.3) 32.4) 60.3) | 8) 2).. 
136). .|. .135153)/68/33/12) 7) Aut, >» Rea ian I | D {1810| 43.1) 32.2] 98.9) 60.1) 32.3) 60.1) 9) 8) 2).. 
117}. .}. .'96154)..1..1..) Tl Inat6da...........1 1 ' W 11650) 30.3) 29.4) 90.2] 63.0) 26.5! 63.0! 6/10! 1I.. 
1 Line 88. Doubtful. Other tests give 1838 as mean strength. Both are the av of 4 specimens that depart 

less than 5 per cent from mean. If 1838 be correct, this spec. would lie between lines No. 113 and 114. 
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evaporation II was from 1.5 to 4 times that of I, as determined by cans 
of water, of equal exposed surfaces, used as evaporation controls. Auto- 
graphic temperature and humidity records would have been desirable, but 
we had not the equipment for obtaining these. The numeral I or II desig- 
nates only the air in which the specimen was stored when not in water. 


TaBLE 6.—DeELAYED Wet SroraGe or Mortars: Series—M 1 (a). 


Summary and comparison of 7, 28, and 84 da. (approx. 3 mo.) compr. tests of 2 x 4-in. mortar spec. 
Prop., 1:25 by wt. ri =(.70. All spec. removed from mold at 1 day. Subsequent treatment (col. “c¢") as 
follows: Wet = stored in water upon removal from mold (Std. condition); I = stored in air of Concer. Lab. 
until immersed; II = stored in air of Mat. Test. Lab. until immersed. (Air much drier than that of Coner. 
Lab.). In col. “d"; W_= tested wet, D = tested dry. All spec. tested wet except those never placed in 
water (limiting case). Certain spec., i.e. the “ Drys,” are repeated to facilitate comparison. 7 and 84 da. 
data are meagre. These are skeleton series and should be considered tentative. 

| ! 
Storage Conditions Strength Ratios (per cent) 
eS NES | Strengths 
| | Ib. per sq. in. 
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Col. “f” Lines 12, 25, and 27. Doubtful. Other tests give 1838 as mean pene ¥, Both are the aver- 
age of 4 specimens that depas’. less than 5 per cent from mean. 


It may have been exposed to that air for the full curing period or for only 
a day. Those details are covered in Col. (j). In Col. (1), “Tested” refers 
to whether the specimen was tested immediately upon removal from water, 
or allowed to dry out for some period before test. Any specimen not tested 
wet (immediately upon removal) is here classified as D or dry, in Col. (1). 
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Cols. (t) and (u) give the cross-referencing necessary to locate any speci- 
men in Tables 6, 7, 8, or 9 from which Table 5 is compiled. 


TaBLe 7.—Dryine Out Berore Test. Morrars: Series M 1 (b) (d) (e). 
Summary and comparison of 7, 28, and 84 da. (approx. 3 mo.) compr. tests of 2 x 4-in. mortar spec. Prop, 
1:2.5 by wt.; * =0.70. All spec. removed from mold at 1 day and stored in water (except dry spec. kept in air 


until test). Removed from water at varying ages and stored as indicated in Col. “ec” until test. I=stored in air of 
Coner. Lab. when out of water. Il=stored in air of Mat. Test. Lab. when out of water. (Air much drier than that 
of Coner. Lab.}. Wet=standard spec. immersed until test. In Col. “d”; W=tested wet (std. spec. only). D= 


A spec. are repeated to facilitate comparison. 7 and 84 day data are meager. These are skeleton 
series and should be considered tentative. 



































ia : No. of 
Storage Conditions Strengths Strength Ratios (per cent) Tests 
Ib. per sq. in. Aver- 
Std. spec. same age| Std. 28 da. spec. | aged 
| Out of water | In Air Beorege Condition 
Age (da) | (da) | (ind) | attest | >| a9 |se] 7 | o8 | ot | 7 | 28 | oe |7losles 
Pe im | a fe | a | ere | a Se =n oe 
Column a b e d e f g|h i j k l m jnijolp 
1| Std. 7, 28, 84 0. br Wet WwW 2620/4200 |5600}100.0)100.0 |100.0)62.4}100.0 |133.3) 3/12) 3 
2 “* (—)} 1.25 hr. I D 2030/4150 |....| 75.5) 98.8 |..... 48.7) 98.8 |..... 1} 4).. 
3 “1 1.35 he. Il D 2690/4490 |... .|102.6)106.8 |. -/64.1)106.8 |.....) 1) 41.. 
4 5 ee 2.25 hr. I D ie STE eos ou cose I. 101.6 |.... 4).. 
5 “| 2.25 he. Il D 2590/4310 98 .8| 102.6 ..}61.7|102.6 . 1} 4]... 
6 ae 7 hr. I D 2700/4390 |....}103.1)104.5 |.....}64.3)104.5 |... 1| 4).. 
7 ie 7 hr. II D 2820/4600 |... .|107.6)109.5 |.....|67.2|100.5 |... 1} 4).. 
8 ee 12 hr. I D er 2 a a 9 ae 4)., 
9 eh 12 hr. II D 2760/4820 |....|105.4)114.7 |.... .|65.8)114.7 : 1| 4}.. 
10} Std. 7, 28, 84 0 da Wet Ww 2620/4200 |5600)100.0)100.0 |100.0)62.4)100.0 |133.3) 3)12) 3 
11] Wet, 28....... 0,56da.| Wet, II W,D |....}4200 |6250)..... 100.0 |111.6)....|100.0 |149.0)..) 4) 1 
12 Re 1, 56 da. I D ./4890 |....)..... 1116.4 * 116.4 |... 4)... 
13 PSS 1 da. II D 15130 |. . * See 122.1 4).. 
14 PPE 2 I D .. 15190 |. 123.5 |. 123.5 | 4... 
15 / Sora 2 II D .}5340 |. 127.1 127.1 Re 
16 , ee 3 I D .}5160 |....]..... 122.8 |. 122.8 | 4. 
17 ve ye + I D | Ja ae 128.7 |. 128.7 -| 4... 
18 is ics 4 Il D 5510 |. 131.2 |. 131.2 | 3... 
19 EE 5 I D 5310 |. 126.4 |. 126.4 | 4h. 
20 hs ace 6 I D 6330 |....}..... 126.8 |. 136.8 |..... .| 4). 
21 . Raaee 7 I D yy AAR 133.8 SD Esc i @s 
22 . ee 7 II D 5570 |. 132.6 |..... 132.6 |..... 1. 
23 MvGess oh 10 I D g SRL RRs 127.3 |. 127.3 |..... -| 4. 
24 | ERT 13 I D . 2 126.8 126.8 |..... | 3}.. 
25 12... 16 I D ee 120.7 |. .|120.7 | 4... 
26 RS 19 I D oS eee 109.7 |..... EEE Ap ies A Sa 
27 SSS 20 I D CU: A ee 108.6 |. wes 45 ERE BSise « 3}.. 
28) (Std. 7),7,— |0,21,—| Wet,I W. D. (2620/4210 |....|100.0)100.2 |.... .|62.4)100.2 |.....| 3) 4).. 
29) (Std. 7), 7, 7..| 0, 21, 77| Wet, II, Il) W. D. D. |2620/4015 |4360|100.0| 95.6 |77.8 |62.4| 95.6 |103.8) 3) 4) 1 
30 _ Bay 22 D .. -}38820 |....}.....] 90.9 ...| 90.9 eke ok Geax 
31 5 23 I D ...)OelS }....].....] 88.5 |. 88.5 |... 5}.. 
32 Bie 5 II D SO ee) 6S ee 63.5 yt RR: 1 ; 
33 ee 24 I D EE Ls coe fee vest Oe.@ |. oe 2 & ary 4).. 
34 | Ae 4,24 II D 3150/3610 |....|120.2) 86.0 |. 75.0| 86.0 |..... 1 1j.. 
35 ee 3, 25 I D 3240/3115 |... .|123.6) 74.1 |.....177.2) 74.1 ].....] 1) 2)... 
36 Gass. 3, 25 II D 2940)2896 |....)112.2} 69.0 |...../70.0) 69.0 |.....} 1) 2J.. 
37 TENS 26 I D — Qe eee F said ..| 63.5 |... 4 
38 Seaika 2, 26, 82 II D 3100/2620 |3360|118.4) 62.4 | 60.6\73.8) 62.4 | 80.0) 1).1) 1 
39) Dry.......... 6, 27, 83 I D 1871)}2350! 2278) 71.4) 56.01} 40.7/44.6) 56.0") 54.2) 4) 4) 5 
Sint pence ae 6, 28, 83 II D 1875/1996 2388) 71.6} 47.5 | 42.7/44.7| 47.5 | 56.9) 4/12) 5 












































1 Line 39, Col. “f.” Doubtful. Other tests give 1838 as mean strength. Both are the average of 4 specimens 
that depart less than 5 per cent from mean. 


Tables 6, 7, 8, and 9 are, as stated, the source of Table 5. They give 
a direct comparison of companion specimens at different ages whenever 
tests other than 28-day were made. 
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Table 9 gives a little data on specimens tested at 7 days, then re-stored 
in air or water, and tested again at 3 months. The existence of the phe- 
nomena of autogenous or self-healing has long been known, but there seems 
to be little record of effort to measure the extent of possible healing after 
a former test, or the reasons for, or details of the process.. Abrams ’,* has 
made passing mention of the fact on several occasions, and ascribes the 
healing to the deposition of soluble compounds in and across the minute 
cracks present at and after testing to ultimate strength. 


TABLE 8.—INTERMITTENT WeEtTTING Mortars: Sprizs—M 1 (c). 
Summary and comparison of 7, 28, and 86 da. (Approx. 3 mo.) compr. tests of 2 x 4-in. mortar spec. 
Prop. 1:2.5 by wt.; a =0.70. All spec. removed from mold at age of 1 day. Subsequent treatment as indi- 


cated in Col. “a,” “b,” and ‘“‘c.” In Col. “b’: I=stored in air of Concr. Lab. when out of water; Il=stored 
in air of Mat. Test. Lab. when out of water. (Air much drier than that of Concr. Lab.); Wet=stored in 
water at 1 da. for entire period (Std. condition). Controls (Lines 1, 13, and 14) are repeated from other 
tables for comparison. 



























































Storage Conditions Strength Ratios (per cent) No. of 
SE TA re Strengths, Tests 
; Ib. per sq. in. Aver- 

é | Con- Std. spec.same age | Std. 28-da. spec. aged 

Z Description | Storage | dition |__-_—___ 

2 | (ie ; 

4 | (kind) oa 7 | 2 | 84 7 | 23 | 9 | 7 | os | 84 |7 losles 
i ERE ERG WLS BASE Basa he os Gl a mao alam Ve Be 
Column a |b | ¢ d|e fle} b}ilsi| & | 1 |mnlo 

Std. II | D_ {2620/4200 |5600/100.0/100.0 |100.0/62 4/100.0 133.3] 3/12] 3 

2) In 2, out 2 for 23 da. ee ee 5175 eS US op NEG Ba Seeks we ER 

em “ - i | W [2150 82.0 6 ee a” apg Sg 1|..|. 

4|In 1, out 1for24da.| IT | D |... \5350 AG PARR 2 RG 
5| id, I D |2870 109.5)... 68.3|..... i]..|.. 

6)“ ee he II | D_ |2760\4100 1105.3) 97.6 65.7| 97.6 1| 4}. 

a ° “ 6 “ III & wet| <n MAG |... cane OA A vee} 98.2 | 41.. 

8| Dip 2nd-24thda.incl.| Il | D ~~" Fea eae TOD ee eee 4)... 

9| “ 2nd- 7th “ “| I | D (2220/2560 |....| 84.7] 61.0 |..... 52.8) 61.0 i] 4. 

ies = I D 2200)... OPO 2.6 lak & Baasipes Wega 1}..}.. 

i} “ Qnd-trd II D 2400/2253 91.6] 53.6 |.....|57.1] 53.6 |..... 1| 4).. 

——- = | D 2340 Eh) BRE hh ee mY 

13 Dry I D |1871|2350|2278| 71.4| 56.01| 40.1/44.6| 56.01| 54.2] 4} 4] 5 

14 “ Il | D a 1996 |2388| 71.6| 47.5 | 42.7/44.7| 47.5 | 56.9] 4|12] 5 














1Col. “e” Line 13. Doubtful. Other tests give 1838 as mean strength. Both are the average of 4 
specimens that depart less than 5 per cent from the mean. 


It has been fully demonstrated by many unpublished data of this, as 
well as other laboratories, that specimens tested to the ultimate will, if 
load be released before severe shattering or crushing has occurred, continue 
to gain strength under favorable conditions of storage. In other words, the 
old cracks heal and the curing process continues as in an untested specimen. 

These tests indicate quite conclusively that neither the healing nor the 
curing (except in a slight degree, see Fig. 13) occurs if the specimen be 
kept dry. Lines 6 and 7 of Table 9 show specimens tested at 7 days and 
again at 3 months, giving almost identical strengths. Lines 8 and 9 show 
specimens dry for the first week, then wet between tests, that more than 
doubled in strength after having been tested to the 7-day ultimate. Line 5 


1 Bulletin 71, Uni. of MWinois Eng’r’g Exp. Sta. 2? Test of 40 ft. Rein. Coner. 
High. Bri. A. S. T. M. 1913. 
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about doubled its 7-day strength after wet storage, for both the first week 
and period between, while Line 4 wet before the 7-day test but dry after, 
shows a gain of one-fourth its original strength. 

This last example may appear to contradict the statement that au- 


TaBLE 9.—AvuTocEenous Heauinc or Mortars; Aso 3-Mo. Srrenerus 
For Various ConpiTions oF StoraGe: Sertes—M 1 (f) (e). 


(See notes with 3 preceding tables.) Lines 1 to 3 incl. and parts of 10 to 18 incl. are repeated from other 
tables for comparison. Spec. on lines 4 to 9 incl. were tested dry at 7 day, re-stored as noted, and retested at 
3mo. [Other tests (not included in this paper) show that a tested specimen, if not seriously shattered, wil! 
develop a future strength babe psn equal to the strength that it would have developed if not previously 
tested. _ It is sometimes difficult and often impossible to apply the maximum load to a specimen without 
shattering action or serious structural damage. This is aqua true of strong mixtures rich in cement, low 
in water, or well matured.} None of these specimens was seriously injured at first test and the evidence may 

i to be about as reliable as that from original tests with same storage conditions. 




















Storage Conditions Strengths, Strength Ratios (per cent) ~~ 
3 Ib. per sq. in. Aver- 
S Condi- Std. spec.sameage | Std. 28da.spec. | aged 
= Description Storage | ‘tion Rese sean 
2 (kind) | at Test| 7| 28 | 84} 7 | 28 | 84 | 7 | 28 | 84 |7\28/84 
ot SARE Rove, wed Tay ARS One GRC Eat Ey adel Bel pit sn 
Column a | b c | d e f g h i j k | ] m |n|o|p 





Regular specimens repeated for comparison with autogenous tests below 
























































Std. Wet W = |2620|4200 |5600|100.0/100.0 |100.0\62.4/100.0 |133.3 3|12 3 
2 Dry I D_=_{1871/2350' |2278| 71.4| 56.0'| 40.7/44.6) 56.01| 54.2 4) 4) 5 
3 * II D_ |1875}1996 |2388) 71.6) 47.5 | 42.7/44.7| 47.5 | 56.9) 4/12) 5 

Autogenous Healing. Tested at 7 da. and retested at 3 mo. (87 da.) 
4| 7 da. Std. | thendry) W &I | W & D/2630)..... 3310}100.4)...... 59.1/62.6)...... 78.8} 1/..| 1 
| Sea “ wet| W & W | W& W/2615)..... 5105) 99.8]...... 91.2162.3)...... 121.5} 2}..| 2 
6| 7 da. dry 8: I&éI | D&D/1930)..... 1930) 73.6)...... 34.5/45.9)...... 45.9) 2)..| 2 
1 ey “ “| I&II | D&D /1915)..... 1935) 73.1)...... 34.6/45.6)...... 46.1) 2)..| 2 
3; “ *“ wet 1& W | D&W/1810)..... 4030) 69.1)...... 71.9/43.1)...... 96.0) 2)..| 2 
peal “ “TI & W/ D&W \1850)..... 4020) 70.6)...... 71.8/44.6)...... 95.7) 1)..| 1 
Other 3-mo. tests (not autogenous) repeated for comparison 
10} 28 da. dry | then wet I Ww .}4130}.... 73.7 98.3)..|..} 1 
ll a 5 Il , ee —6llC 73.1 _- Pao 
12} 10 “ a Il | 2 Se eS 4780}..... 85.4). 114.0)... 1 
13} 5 “ = II Ww NR Ra 91.4)... 121.8 1 
le ae re II eRe Da See 90.4}. 120.4)... 1 
es ey I a Sécvibedack EN Bee 97.5)... 130.0). . 1 
16} 28 da. wet | then dry Il i Sok eae , aS ae 111.8}... 149.0).. 1 
19 nt 7 II an Be ee Deh aay sso Tae Re 103.8}. . 1 
18 zz ” ll oe BES 3360].....]...... RS eae 80.0)..)..) 1 
| 




















1Col. “e”. Line 2. Doubtful. Other tests give 1838 as mean strength. Both are the average of 
4 specimens that depart less than 5 per cent from mean. 


togenous healing cannot take place if the specimen be kept dry. A very 
small part of this increase in strength may be due to the autogenous heal- 
ing that went on within the specimen before it dried out sufficiently to 
stop further action. In the case of a 2x 4-in. specimen this would not be 
great, as the drying is rapid. As other data of these tests and tests by 
others (Green, Abrams, etc., to be mentioned later) clearly demonstrate, 
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dry concrete is from 10 to 35 per cent stronger than the same concrete 
wet. The 26 per cent strength gain is due largely, if not entirely, to the 
drying out and not to autogenous healing action. This statement is borne 
out by short time retests. If a specimen be tested to ultimate but not 
seriously damaged (to the eye) an immediate retest will show that it still 
has a considerable load carrying capacity. This may be as high as 90 per 
cent of the ultimate load. If the specimen was wet at test it may be left 
in the air until the next day and a retest will show greater strength than 
the maximum of the day before. This is not a healing, but simply the 
15 to 35 per cent gain due to hardening added to the 80 or 90 per cent 
strength that remained after maximum load was reached. It is impossible 
to obtain a retest on a strong mixture because of the shattering action that 
occurs at or very close to the ultimate strength. 

With usual testing equipment and the exercise of considerable care to 
reverse the machine at once, when maximum load is reached, it is possible 
to salvage all of the 7-day test specimens and many of the 28-day specimens 
of concrete of usual job proportions. The writer has done this on more 
than one hundred 6x 12-in. job-concrete tests. The 28-day strengths of the 
specimens tested at 7 days show 28-day strengths almost identical with 
those of the regular 28-day specimens tested for the first time at 28 days. 

The specimens of Table 9 did not apparently heal 100 per cent. From 
the Universal Curing Chart (Fig. 13, to be discussed later) one may obtain 
information as to the probable strength that 3-month specimens receiving 
identical storage treatment but not tested at 7 days would have developed. 
These data are tabulated below: 


Strength (per cent of 28-Day 











Standard) 
7-day 3-mo. 3-mo. 
Line (Table 4) Storage Tested Test Retest by Fig. 13 
4 7da.std.,thendry W.& I. W.& D. 62.6 78.8 104.0 
5 “ ? “ wet W.& W. W. & W. 62.3 121.5 133.0 
Co. Sey) ange Ba ae 45.9 57.0 
7 


5 ss yi (ii eet: : Dek ae 46.1 57.0 
: L&w. D&W. 43.1 96.0 119.0 
+ ? ~ a e ) ae: | oe 95.7 119.0 


Co oe 
= 
oO 
— 


A loss of about 23 per cent due to the 7-day test appears to have been 
sustained by 8 and 9. In these two cases, however, the 3-mo. ultimate 
strength was more than double the 7-day ultimate. The specimen most 
favorably treated for healing, No. 5, was within about 10 per cent of its 
normal 3-mo. strength. As stated, 4 shows some gain, probably due entirely 
to drying action, while 6 and 7 gained autogenously, or perhaps by addi- 
tional curing of the undamaged portion, enough strength to offset the 
weakening caused by the original test, so that the 3-mo. strength is equal 
to the 7-day strength instead of 10 to 20 per cent greater as in the case of 
the regularly dry-cured specimen. 
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TABLE 10.—NorMAL INCREASE IN COMPRESSIVE STRENGTH WITH AGE: 
M 3 (a). 


Wet storage after one day. Tested wet. Mortar 2 x 4-in. specimens. 1:2.5 by wt. - *=0.70. Each 
value is the average of test results from 12 or 13 cylinders. e 














Age at test (days)..............000cccceee. }2 |3 | 5 | 7 | 28 — 
————_—__—___- --—— —_— — ea _ — — | —— ——— 

| 
Unit Compr. Str. (Ib. pees. Mm ...', ny Ne ..| 1200 | 1558 | 2104 | 2414 | 4556 | 5707 
Percentage of 7 da. 8 aeic ..| 49.7 | 64.6 | 83.1 | 100.0 | 188.9 | 236.5 
28 ° Seis a bs ita’ 26.3 | 34.2 | 46.2 | 52.9 | 100.0 | 125.2 
* ee Mo. “ S 21.0 | 28.3 | 36.9} 42.3} 80.0} 100.0 


age .—This is an independent se series and the strength ratios do not exactly agree with those in some 
other tests. 


TaBLe 11.—Series Cl (a), (b) anp C2 (a), (b); (Strorace I FoR ALL); 
Conc RETE 28-Day STRENGTH. 















































Compr. Str. (Ib. per sq. in.) I 3 
; W Deseripti ia.) Variation | Relative 
Series re Jescription | Age (da.) | ———-— from mean a. 
1 eet Se Ay per cent | ‘of Std. 
| | 
a b c d e f Z h i j 
Cl (a) 1.10 In at iat ak 1 (std.) 1605 1513 1395 1504 49 100.0 . 
1182 1375 1175 1244 7.0 83.2 
; 1125 1153 1362 1213 4.0 81.3 
10 1090 1250 1176 1172 4.7 78.4 
20 1315 1061 976 1117 11.8 74.6 
25 854 1115 790 920 14.2 61.6 
27 781 779 878 813 5.2 54.5 
28 (dry) 814 1215 882 970 16.8 68.6 
Average Variation......... - s 6 
C2 (a) 0.80 | Inat........ 1 (std.) 3560 3550 3390 3500 2.1 100.0 
2 3240 2840! 3038 3139 3.3 95.0 
5 3050 3059 3005 3038 0.8 92.0 
10 2710 2590 2730 2677 2.2 81.1 
20 2375 1730! 2540 2457 3.3 74.3 
25 2155 2300 2300 2252 2.8 68.1 
27 2005 2150 2360 2172 5.8 65.7 
28 (dry) 2670 2660 2580 2637 1.5 76.5 
Average Variation................ 2.72 
Cl (b) 1.10 | Out at........| 28 (std.) 1705 1295 1448 1483 10.0 100.0 
27 1220 1518 1358 1365 7.4 91.4 
25 1480 1502 1413 1465 2.4 98.0 
20 1945 1350 1440 1578 15.5 105.7 
10 1670 1590 1505 1588 3.5 106.3 
5 1280 1465 1389 1378 4.8 92.2 
2 1130 1100 1268 1166 5.7 78.0 
1 (dry) 1040 1090 1109 1080 2.5 68.6 
Average Variation...... orci 6.5 
C2 (b) 0.80 | Out at........ 28 (std.) 3260 3330 2728 3106 8.0 100.0 
27 2920 3400 3233 3184 5.4 96.5 
25 3570 3660 $238 3489 4.9 105.5 
20 3970 3680 3460 3703 4.8 112.1 
10 3800 3840 3303 3748 2.5 113.4 
5 3100 3410 6278 3263 3.3 98.8 
2 3000 2385 2619 2668 8.3 80 
1 (dry) 2570 2310 2400 2427 4.0 76.5 
Average Variation................ 5.1 





1 Defective specimen. Omitted from average 


| 
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The specimens of Table 10, although of the same materials and pro- 
portions as Series M1 are extracted from a different lot of tests and 
Table 10 is included here only because it gives the detailed rate of strength 


Series M / lai) LEGEND 
All specimens as removed from told of age of / cay 
Out of water before fest. Concr Leb (Storage J) 


. - Mat Test Lob.( “ Z/ 
Oelayed wet storege Concr. Lob (Sterege I) 
- . ” Met. Tést Lob( « 2) 
Period of unmersion Exposed fe air 


A Standard wet storage . 

Curves 8 Air storage, Conc. Lob (Storags 
¢- - Mot Testlob( « Z/ 
Ne. on curve indicotes rel. 28-da compr sir expressed as per 
cent str of std spec. “A” Upper ond tower No. are for Stereges 
I ond 2 respectively. 


Out@ 27 


% 
$s 9 cS 


Vaararion wv lMorsTURE CONTENT 


(Percentage of Mixing Water) 





z 




















Qo 2 o le 16 


Ace in lays 


20 24 £8 


FIG. 1.—DELAYED STORAGE AND OUT BEFORE TEST: VARIATION IN WATER 
CONTENT FOR 28-DAY MORTAR SPECIMENS, 
Each point represents the mean of 4 or more 2.x 4-in. mortar specimens. 
Ww 


Proportions 1:2.5 by wt. —-= 0.70. The only points shown are those cor- 
’ 


responding to weight as removed from mold (1 day); as stored in, or removed 
from water and as tested (28 day). All the inner lines are drawn by inter- 
polation and are for Storage I only. The lines for Storage II would be exactly 
similar but curve “C"’ would form the lower boundary. 


increase with age for a mixture similar to the one used. Curve B (Fig. 13) 
is based mainly upon the data of Table 10. 

Table 11 gives the data on the main concrete tests, Series Cl (a) (b) 
and C2 (a) (b). The two series were identical except for the water-cement 


Ww 
ratio. These data were quite consistent, especially those for a — of 0.8. 
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The results are all shown on curves and further treatment will be accorded 
in that connection. 


Ser/es M/ (6 Curves 
O—oO A-Stondard procedure. Stored in water after (*# day. Tested wet. 
O—O &-Storage I after (# day. Tested ary. 
O—© C-Storage I atter |* da. Tested dry 
e----@ D- Dipped 2% and 3% da. Storage I Tested dry 
¢---¢ E ““ “ “ “ “ ZT o mn 
o—-+ F- « 2e-~ 7% da incl 9 - 
+--+ 6G- ° 20-24% » 4 ; 
@—-¢@ H-ln woter | da olf / da for 6 da. Storage I Tested dry 
o—o K-" « ipa a Eo pel da ye “ wet“ — wet 
Go-mt> Le 2... © Re i OO bee Z “ dry 
--—-R M-*" ” 2 -~ -” 2 on 23 ee “ e 


I-Stored in air in Concer. Lab. when out of water 
ae we Bt Tee Lake  - - * 
No. en curve indicates rel, 28-da_ compr: str. expressed as 


“ 





TENT 
y) 





00 
982 


TURE Ci 


2 


‘ATION 
4 
8 


Aoe in Days Gilkey. 


FIG. 2,—-INTERMITTENT WETTING (MORTAR): VARIATION IN WATER 
CONTENT FOR 28-DAY SPECIMENS. 


Each point represents the mean of four 2x 4-in. mortar —— Propor- 
tions—1:2.5 by weight; water-cement ratio=0.70. Note:—Elsewhere in this 
paper there are indications that max. strength is attained after several days 
of drying out. Spec. tested wet (A and K) would show a considerable increase 
in strength if dry at test (for these proportions, as much as 30 to 40 per cent). 
Dry tested specimens would show a corresponding decrease in strength if soaked 
prior to test. This point should not be overlooked in making comparisons of 
strengths as given by dry-tested and wet-tested specimens. 


Figures and Curves.—Figs. 1 to 5 inclusive give the detailed history of 
the soaking and evaporation processes for concretes and mortars of different 
proportions, water-cement ratios, and size of specimen. The effects of the 
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two kinds of air storage are shown. The moisture change is in all cases 
expressed as a percentage of the original mixing water which seems to be 
the fairest method for comparing mortars and concretes as well as varia- 
ble water-cement ratios. 

All specimens in Series Ml (a) and (b), Fig. 1, were weighed as re- 
moved from mold, which weight was used as basic in all cases (since the 
unknown weight of cap added, after making, invalidates the “weight as 


Series C/ @)(b) LEGENO 
%* Points common fo all specimens —— Feriod of immersion 
& Delayed wer storage -——= exposed fo air 
& Out before ses? 
Ne. on curve indicates rel 28-da compr. str. expressed as 
per cent str of std. ot “A” 


{ste ASPABee 


Qut da 
~Jn ide 2 iz Ae rai 


° § 


8 


§ 





g 


4 


VARIATION oF MosruRE ConTeNT 


(Percentage of Mixing Water / 


4 a - 16 20 24 2B 
Ace in Days Gilkey. 


FIG. 3.—-DELAYED STORAGE AND OUT BEFORE TEST: VARIATION IN WATER 
CONTENT FOR 28-DAY CONCRETE SPECIMENS. 


Ww 
—=1.1 
C0 
> bach point represents from three to thirty 6x 12-in. cylinders. Proportions 
:4 by lovose volume. Proportioning was actually done by very accurate 
weighing, but the weights were selected to give an equivalent of approximately 
1:2:4 by loose volume. The point at the left represents the weight as made. 
The next point represents the weight as removed from mold. The two weights 
are not comparable due to indeterminate weight of cap, leakage and evapora- 
tion. The weight as removed from mold (age of 1 day) is used as the standard 
for comparison in all cases. Subsequent weight changes are due entirely to 
decrease or increase in water content. When not immersed the specimens were 
stored in the air of the concrete laboratory (Storage I). 


made” for comparison with subsequent weights). They were again weighed 
upon storage or removal therefrom, as the case might be, and once more 
at the time of test. These weights gave the experimental data surrounding 
the figure. The interior was contoured, for storage i only, by using the 
outside controls and by analogy with Fig. 2, 3 and 4, for which interior 
points were found by actual weighing. The 28-day strength ratios on the 
curves are of interest. 
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It should be noted that the specimens stored in the drier air (Stor- 
age II) lost more moisture than those stored in the concrete laboratory 
(Storage I) and that the strength ratio is lower. As much as 60 per cent 
of the original mixing water was lost, which means well under 40 per cent 
remaining since the specimen at one day does not have as high a water 


Series CK (Wt) LEGEND 
% Foinks common fo a// specimens —— Period of immersion 
© Delayed wet storage —-— “ exposed fo air 


© Out before fest 

Ne. on curve indicates rel 28-da. Compr. str expressed a3 
per cent str of std spec. ‘A" 
20 





pie Out @£7da 


965 
1055 


Mixing Water/ 
8 ° 


‘sg 


TOIE LZ) 5 


& 


’ 


Oo 4 & ke 16 20 24 8 
Ace in Oays 


Variation NW MolsTURE CONTENT 
(Percentage ot 


FIG. 4.—DELAYED STORAGE AND OUT BEFORE TEST: VARIATION IN WATER 
CONTENT FOR 28-DAY CONCRETE SPECIMENS. 

Ww 

—=0.8 

C 

Each point represents from three to thirty 6 x 12-in. cylinders. Proportions 

1:2:4 by loose volume (Proportioning was actually done by very accurate 
weighing, but the weights were selected to give an equivalent of approximately 
1:2:4 by loose volume). ‘The point at the left represents the weight as made. 
The next point represents the weight as removed from mold. The two are not 
comparable due to indeterminate weight of cap, leakage and evaporation. The 
weight as removed from mold (age 1 day) is use@ as the standard for compari 
son in all cases. Subsequent weight changes are due entirely to change in 
water content. When not immersed the specimens were stored in the air of 
the concrete laboratory (Storage I). 


content as when mixed. Specimens that have partially dried out do not 
appear to quite regain the same degree of saturation as those never dried. 
Doubtless this is due to the presence of a certain amount of entrapped air 
chat was not present before the first drying. This is shown by the upper 
boundary line of the “In” curves lying just below the saturation or “Stand- 
‘ard Storage” line. Figs. 1, 3, 4 and 5 have a characteristic similarity in 
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shape but fundamental differences in amount of moisture change. The rate 
of moisture loss is rather gradual and at a diminishing rate. The steep- 
ness of the moisture loss curves (descending dashed lines) varies with the 
dryness of the air, and is steeper for small specimens than for large ones, 
as is to be expected. The moisture gain curves (ascending solid lines) are 
very steep for all mixtures until the moisture content approximates that 
of the specimen at the age of one day (removal from molds, in general). 
The additional rate of gain in moisture is then much slower. 

In every instance, specimens, large or small, caught up with their 
weight as removed from mold in the first 24 hours of immersion. The 
early rapid gain in moisture is similar to the case with many stones, brick 
or tile. ‘ 

Fig. 2 has upper and lower limits (envelopes) identical with Fig. 1. 
The effects of dipping and soaking for one day or two days are clearly 
shown. The dipping process was of only about 10 seconds duration, yet 
the 2 x 4-in. specimens took on almost instantaneously about 15 per cent of 
total original moisture content. The alternate soaking and drying curves 
show about the same upper boundary (water absorbed in two days’ time to 
be about equal to one day absorption) but the two-day drying was always 
about half as great again as the one-day drying. All specimens with the 
exception of those of Curves K and A were allowed to dry out a few days 
before test. It is apparent that they did not all attain the same degree of 
dryness. As the number of immersions and removals increased, the range 
of moisture change for Curves L and M (Fig. 2) seemed to steadily 
diminish. Why this was so is not known or surmised. 

The percentage strengths appearing at the right of the curves of Fig. 2 
lead to the conclusion that dipping and soaking have little effect except 
in so far as they may be more or less equivalent to wet storage with inter- 
ruptions. Gain of strength practically ceases when the mortar or concrete 
drys out. If the concrete is “in one day” and “out one,” probably enough 
moisture is held for the day “out” to permit the curing to continue with 
practically no interruption. “Out two days,” small specimens, or small 
bodies of concrete in dry air would have their curing halted, probably, for 
part of the time. Even the dipping gave a substantial incr -acs in strength 
over the dry curing. It must be remembered that direct comparison be- 
tween concrete tested wet and that tested dry cannot be made, with fairness. 

The mere mechanical process of drying out, as previously stated, in- 
creases the strength from 10 to 35 per cent. This is not a permanent gain, 
however. The same concrete again wet would have only the strength of wet 
tested concrete. Thus a specimen wet at test is always potentially as strong 
as one just like it tested dry and giving a much higher test strength, 
while one tested dry is potentially as weak as the wet tested one. Thus 
we have an apparent contradiction, viz.: that the ideal curing condition is 
that: of moist storage for the longest possible time, while the greatest 
strength is attained by removal from storage and drying out. Doubtless it 
is a fair analogy to liken saturated concrete to saturated stone or brick 
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either of which will test much weaker while wet than dry. (The analogy 
must end here since neither the stone nor the brick sets or cures.) 

Thus true curing produces permanent improvement in strength, while 
mere drying produces a temporary increase, present only as long as the 
dry condition exists. This substantial increase in strength attainable by 
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FIG. 5.—DELAYED STORAGE: FORMS LEFT ON UNTIL IMMERSION VS. FORMS OFF. 
VARIATION IN WATER CONTENT FOR 28-DAY CONCRETE SPECIMENS, 


Ww 
Size 6x12 in. Proportions 1:2:3 by absolute volume — = 0.647. 


The point at the left represents the net weight as made. The next point repre- 
sents the net weight at 1 day (Used as std. wt.). The two weights are not 
comparable because of indeterminate weight of cap etc. added after making, 
and prior to 1 day of age. 


drying prior to test has been recognized and demonstrated by several.’ 
It is not certain that it has always been clear in the minds of all that the 
gain is a purely mechanical one and that a dried out concrete removed 
from wet storage at an age of say 15 or 20 days and giving an ultimate 
strength 20 per cent. above that of a standard 28-day companion specimen, 
tested wet, is potentially about 15 per cent weaker than the 28-day speci- 
men. The 28-day standard specimen has had the benefit of a week or more 

1 Proceedings, Am. Soc. C. E., May, 1925, p. 776, Conclusion No. 1 (W. K. 
Hatt). Proceedings, A.S.T.M., 1919, Part II, p. 608 (Howard W. Green). 


Bulletin No. 11, Lewis Institute, Fig. 7, or Proceedings A.C.I, 1922 (D. A. 
Abrams). Bulletin No. 2, Lewis Institute, Table 4, Fig. 5 (D. A. Abrams). 
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additional wet curing and if allowed to dry out before test would develop 
a strength of some 135 per cent of its own wet strength instead of the 
120 per cent given by the specimen removed at 15 or 20 days. These 
figures will of course vary with the mixture the dryness of the air, mass or 
size of specimen, etc., but the general situation holds true. 

In using or weighing the data of any of the figures or tables, if a 
comparison is being made between wet tested and dry tested specimens, the 
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FIG. 6.—VARIATION IN WATEB CONTENT: SUMMARY OF UPPER AND LOWER 
LIMITS FOR ALL 28-DAY CONCRETE AND MORTAR SPECIMENS, 


Solid and dashed lines (except B) are periods in water and air respectively. 
These curves are the limiting cases of storage, viz., ““wet’’ and “dry.” Storages: 
|«<= Air in Coner. Lab., Il = Air in Mat. Test. Lab. (much drier than that of 
‘oner. Lab.), III[=— Form on until stored in water, Wet = std. storage. Series 
M2 (a) not included, as no weights were taken. Loose volume proportions 
are closely approximate, being the reductions from proportions by weight or 
absolute volumes used. 


strength shown for the dry tested specimen should be substantially reduced. 
Thus in Fig. 2, if the specimens of Curve C were immersed in water a day 
before test, they would have a strength ratio of 40, or so, instead of 47.5. 
Curves K or A if altered to compare on a dry basis would show ratios of 
about 135 per cent, the showing being quite favorable as compared with 
the next best case of “in a day” and “out a day” for 24 days. 

Fig. 5 covers only the phase of “Delayed Storage.” Curve B, for 
6x 12-in. specimens with the molds left on in the air of the concrete lab- 
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oratory (Storage I) show a very small loss of moisture and a correspond- 
ingly slight reduction in strength. This evidence along with that of 
Series M2 as shown by Curves A, and A, and by F (this series), all on 
Fig. 11, is quite conclusive that there is present in the concrete as mixed all 
the water that is needed for curing purposes. If this water can be con- 
served, the concrete will increase in strength in the same manner and 
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FIG. 7-—DELAYED STORAGE: MOISTURE CONTENT AS STORED VS. 
COMPRESSIVE STRENGTH. 


Each point represents from 1 to 6 specimens. 


degree as it would if stored moist or wet. There is already general agree- 
ment that moist sand, or burlap, damp room, and water storage are iden- 
tical in result. Any one of them furnishes all the water needed. This 
added information would make it appear that even leaving on the forms 
would in many cases vastly improve the quality of the concrete. It is not 
unreasonable to suggest that a surface paint or coating of some sort might 
be devised to seal the surface of the concrete and hold in the water, thus 
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making the initial moisture effective for curing. The use of calcium chlo- 
ride and similar agents to attract moisture from the air for curing pur- 
poses is of course along this general line, but from a somewhat different 
angle. 

Fig. 6 summarizes the results of the preceding figures (except 2). 
From it the following conciusions may be drawn: 


1. Small specimens or thin bodies of concrete will fluctuate in mois- 
ture content and strength ratio much more than large specimens, 
or masses of concrete. 


to 


The drier the air the greater the loss of moisture and lowering of 

strength. 

3. Mortars will probably fluctuate more than concretes (not decisive 
from the data at hand). 

4. Wet mixed concretes have a greater fluctuation in water content 

than dry mixed concrete. 

Wet mixed concretes are more vulnerable to lack of moisture in 

curing than dry mixed concretes. 

6. Keeping the outside surfaces of concrete sealed from the air will 

effectively prevent moisture losses and produce nearly as favorable 

a curing condition as actual moist storage. 


uo 


Fig. 7 shows compressive strength plotted against loss in moisture 
content (expressed as percentage of original mixing water) at the time 
that “delayed storage” specimens were immersed. For any one condition of 
storage or any one mixture of concrete or mortar, there seems to be a 
uniform relation between strength and moisture content. But the relation 
is not constant for different mixes and different storages. The curves, 
though interesting and worthy of rather careful study, do not appear to 
define any general law or relation. It may be that this information is 
amenable to interpretation and correlation with other data in ways not now 
apparent. 

Fig. 8 is analogous to Fig. 7 but shows strength plotted against mois- 
ture change (from the standard one-day weight, expressed as the usual per- 
centage of original mixing water) at the time of test for the “out before 
test” specimens. 

The showing here is more positive than that of Fig. 7. For all but 

Ww 
the very wet concrete (—- = 1.1, Curve C) as a straight line function until 
0 
15 per cent of the original mixing water has been lost. Then the strength 
starts down hill following (in the case of the mortars) a different straight 
line course for each of the two storage conditions. 

The concretes act in a manner quite similar to the mortars but the 
change in strength for a given change in moisture is not as great. One 
interesting point in the curves for the concrete is an evident falliag off in 
strength for the lower moisture losses, then a steady gain until the maxima 
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W 
are reached at 15 per cent moisture loss for — of 0.80 and 23 per cent 
W 
loss for a r of 1.10. A similar tendency was indicated in a very slight 


degree for mortars removed only a few hours before test. Just why the 
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FIG. 8.—OUT BEFORE TEST: MOISTURE CONTENT AT TEST VS. 
COMPRESSIVE STRENGTH. 


Each point represents from 1 to 6 spec. 


strength should fall off in the early stages of drying out is not apparent 
unless it be due to unequal hardening about the exterior of the specimens 
(because of unequal rates of evaporation). This unequal hardening might 
cause lack of homogeneity sufficient to give the equivalent of eccentric load- 
ing. When more complete drying out had occurred the strength of the 
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material would again be uniform and the equivalent of eccentric loading 
conditions would no longer exist. From this reasoning, the small speci- 
mens would show this in a much less degree because of the rapidity with 
which they dry. These same phenomena have been noted by ethers but the 
reasons therefor seem still to be a matter of conjecture. Thus, Fig. 8 re- 
sembles Fig. 7 in showing a harmony of action for any one mixture and 
condition of storage without apparently defining any general law. 


Series MM / (abide) 


2 


<efre feng 115 


g iS 


3 


STRENGTH 
(Per cent of Std. 23-da Jocec.) 


a 
8 


8 





40 
4 10 20 JO 40 50 60 70 80 90 


TIME IN AiR — Oars Cilkey 
FIG. 9.—STORAGE VS. STRENGTH (CYCLES): DELAYED AND INCOMPLETE WET 
STORAGE FOR 7-DAY, 28-DAY, AND 3-MO. PERIODS ALL 
REFERRED TO STD. 28-DAY SPEC. 


Notes: These are generalized curves for the mortars of series M1 (a) (b) 
(d) (e). The 7-day and 28-day cycles are completely covered by experimental 
data. The 3-mo. curve is not fully surrounded, but is approximately correct. 


Figs. 9 and 10 are very interesting portrayals of the manner and ex- 
tent to which exposure to air both before and after wet storage effect 
strength. In studying these two curves it should be kept in mind that the 
horizontal scale shows days exposed to air after wet storage and just prior 
to test for the upper curves while for the lower curves it shows days ex- 
posed to air after removal from molds and prior to wet storage. Upper 
curve specimens were dry at test except the limiting case at the left “re- 
moved from water at zero days before test,” (in other words “never removed 
until test’’). 

Lower curve specimens were all tested wet except the limiting case at 
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the right “stored in water at 6 days, 27 days or 3 months less one day” 
(in other words “never stored”). The ages at which upper curve speci- 
mens were removed from wet storage are therefore the age at test less the 
horizontal scale reading. The age at which lower curve specimens were 
stored is the horizontal scale reading plus one day (the specimen was in the 
mold for one day). 

The discussion in connection with Figs. 1 to 5 inclusive applies full 
force to Figs. 9, 10, 11 and 12. The strength loss due to delay in storage 
is very real in all cases. It is a loss that possibly cannot be fully recovered, 
(as is shown by Fig. 13, to be discussed later). On the other hand, the ap- 
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STORAGE FOR 7-DAY, 28-DAY, AND 3-MO. PERIODS REFERRED 
TO STD. SPEC. OF SAME TEST AGE. 


Notes: These are generalized curves for the mortars of series M1 (a) (b) 
(d) (e). The 7-day and 28-day cycles are completely covered by experimental 
data. The 3-mo. curve is not fully surrounded, but is approximately correct. 


parent substantial gain in strength by premature removal from moist stor- 
age is not real in the sense explained several pages back. 

The only difference between Figs. 9 and 10 is that strengths in Fig. 9 
are expressed in terms of the strength of a 28-day standard specimen and 
in Fig. 10 they are expressed in terms of the strength of a well-cured wet 
tested or standard specimen of the same test age. 

Any specimen along the upper curves would show a substantial reduc- 
tion in strength if soaked just prior to test. None would have a strength 
as high as the specimen stored in standard manner. (100 per cent in Fig. 
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10 or 133.3, 100, or 62.4 per cent, respectively, in Fig. 9). Moreover any 
specimen along the lower curve would show a considerable increase in 
strength if dried out before test. The strength of the standard specimen 
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FIG. 11.—STORAGE V8, 28-DAY STRENGTH: EFFECTS OF DELAYED 
AND INCOMPLETE WET STORAGE, 
Loose volume proportions are in round numbers. For exact proportions 


sree Table 1. Out== Stored wet at 1 day, removed from water at varying ages 
prior to test. 


would in each case reach the top and slightly surmount the highest point 
in the upper loop. 

The specimens “stored one day prior to test” are invariably weaker 
than the specimens never stored, due to the weakness while in a soaked 
condition. The curves illustrate this, the minimum strength always occur- 
ring on the lower curve one day short of testing age. 
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Fig. 11 is a somewhat congested but very interesting group of loops 
(or half loops in some cases in which data for only a half cycle were 
taken). These are all 28-day cycles, exactly like those shown in Figs. 9 
and 10. All the series of these tests [except M3(a) for which was taken 
no such data] are shown. Moreover, the tests of both Abrams and Green 
are plotted here for comparison. The latter tests are both of the “out 
before test” phase which seems to have been the only phase considered here- 
tofore. The agreement of the curves in general trend is remarkable when 
the range of locality, mixture, etc., are considered. All the delayed storage 
curves show the weakness of the specimen placed in storage the day before 
test. Curves A, A, and F, show the great gain in strength attainable by 
leaving the forms on specimens exposed to the air, (delayed storage) thus 
restricting if not entirely stopping moisture loss by evaporation. 

Mortars apparently respond in a greater degree than concretes (but 
this may be due to difference in size of mortar and concrete specimens, 
with a more complete drying of the former). 

The 2x4-in. mortar specimens (out before test, i.e., upper series of 
curves) reach their ultimate strength at fewer days of exposure than do the 
6 x 12-in. concrete specimens. This is easily explainable again by the dif- 
ferences in rates of drying out for different sized specimens. Moreover, all 
concrete specimens of these series were stored in the air of the concrete 
laboratory (Storage I) which was not as dry as that of the materials test- 
ing laboratory (Storage II) in which many of the mortar specimens were 
stored. 

The peak strength for Green’s tests is reached at an exposure of 5 or 6 
days (out at about 21 or 22 days). The maximum strengths for the con- 
cretes of our tests (Series C1(b) and C2(b) ) are both reached at about 
a 16-day exposure (out at about 12 days of age) while Abram’s peak comes 
at 20 days’ exposure (out at about 8 days of age). 

These differences appear to be easy of explanation. Green’s tests were 
conducted in the Panama Canal Zone during an extremely dry season of 
the year. Rapid drying out of concrete naturally resulted. The air in 
Chicago and especially in the laboratories is generally quite humid, as 
compared with either the Panama Canal Zone, or Colorado, and the drying 
rate correspondingly slower. 

The decrease in strength because of delayed moist storage has an ap- 
proximately straight line variation between the 100 per cent for the stand- 
ard specimen stored wet at one day and tested wet to 50 per cent for the 
dry specimen tested dry. Both Figs. 11 and 13 show that a specimen ex- 
posed to the air until the fourteenth day will develop about 85 to 90 per 
cent as much strength as the standard specimen if tested in the same con- 
dition. On the other hand, if the mold be left on till the fourteenth day it 
will develop from 85 to 96 per cent of the standard strength. 

The upper loop of A, and lower loop B, were not fully determined and 
the maximum and minimum values may not be exactly as shown. Both 
ends are controlled, however. 
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Fig. 12 is a set of 4-mo. tests by Abrams and 3-mo. tests from this 
series. 

The “out before test” curves (A, B, C, D, E, and F) are reversed in 
direction from those of the preceding figures. The horizontal scale repre- 
sents the period in moist storage before exposure to the air and not the 
period in air following moist storage. These curves show the effect of a 
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short time in water and a long time in air. It is evident that both the 
3- and 4-mo, strengths are almost directly proportional to the period of 
moist curing, between the limiting strengths of the dry-cured specimen on 
the left and the specimen cured moist for three or four weeks (but tested 
at three or four months) at the right. 

The dashed curves, G and H, are delayed-storage strength graphs and 
show the effect of delayed storage, (for periods of delay up to 4 weeks) 
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OF WET AND DRY STORAGE, 
The vertical scale will vary for different mixtures, ete. A single graph 
could be made to cover a wide range of usual mixtures with scant error. The 


time scale could be extended by further experiment as far as desired. The 
present graph is based on series M1 (a, b, d, e). [Mortars 1:2.5 by wt. (or 


1:2.26 by loose vol.) ™ =0.70]. As shown by Fig. 11, the percentage 


strength change is greater for mortars than for concretes and for small spec. 
than for large ones. These spec. were 2 x 4 in. 
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upon the 3-mo. strength. They are the same as the lower boundary line of 
the 3-mo. cycle of Fig. 10. The evidence from Fig. 12 fully accords with 
that from the other data of the tests. 

In investigational work there is always present consciously or other- 
wise, the hope that the experiments may lead to some general law or simple 
key to the whole matter under observation. It is only an occasional 
project that ends that way. It appears as if this were one of these favored 
efforts. Fig. 13 was evolved from these data in a very natural manner. It 
seems adequately to cover the whole problem of water and the curing proc- 
ess. This figure is therefore offered for your use and criticism. It is not 
expected nor claimed that the percentages as determined by a mortar series 
in Colorado climate will correctly fit your particular concrete. But you 
can make a similar chart from your own concrete that should serve as a 
universal curing diagram that will give reliable’ strength data for any 
probable “water and air” curing condition. The diagram is fully explained 
and its use illustrated in the notes that accompany it. The strength scale 
may be in terms of any standard strength or percentage. For example, if 
it were desired to check the data of Fig. 12 by the diagram it would be 
necessary to change the ordinates of Fig. 12 to percentage of 28-day 
strength instead of percentage of strength of the specimen 3 (or 4) months 
old stored in standard manner (in water entire time after remaining in 
mold for one day). Either Fig. 12 or Fig. 13 could be altered to suit the 
other. 

In the early parts of the curve a slight difference in rate of drying 
will have a relatively large influence upon the location of the point of 
tangency between the drying curve and the upper envelope because the 
two curves are nearly parallel. Further on the probable error is not great. 

In connection with Fig. 13 it should be emphasized once more that the 


USE OF GRAPH. 
I. What probable percentage of 28-day standard strength will be developed 
by this mortar in 2 weeks? 
(a) If stored moist and tested wet? 
(b) If stored moist and tested dry? 
(c) If stored dry and tested dry? 
(d) If stored dry and tested wet? 
Il. What will be the percentage for 1, 2, 3-mo. strengths? 
(a) If removed from water at 28 day? 


(1) Tested dry? (2) Tested wet? 
(b) If not placed in water until 28-da. old? 
(1) Tested dry? (2) Tested wet? 
RESULTS 


I, Reading values directly from curves B, A, C, & C' at two weeks: 
(a) 75.; (b) 112.3; (c) 45.; (d) 40. 
Il. (a) opgr represents percentage strengths. 
(1) 1 mo, test dry 134; 2 mo. 145; 8 mo. 149. 
(2) 1 mo. test wet 100; 2 mo. wet = 145 — pg, or more accurately, 
pg + AB 
SES ee Eee = 145-—34+=—111+; 3 mo. wet — 149 — 30 


== 119. 
(b) ost represents percentage strengths. 
(1) 1 mo. dry 47; 2 mo. 81: 8 mo. 98. 
(2) 1 mo. wet 47 — CC! == 47 — 5 = 42; 2 mo. wet 81 —- 00' = 76; 
3 mo. wet 98 —5 =— 98. 
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large excess strength along curve OA over that along the standard curve 
OB is not generally a usable gain because the differential simply represents 
a drying out process that is reversible. Any specimen of any strength along 
OB may have its strength increased to that of the point nearly directly 
above on OA curve by a few days of exposure to dry air. But any strength 
along OA will be reduced to the one below it on OB by a very short period 
of soaking. 

From the nature of the results and conclusions reached from these 
tests, as well as from much that has long been common knowledge, it is 
evident that any rule that will show a true relationship between 7-day and 
28-day strengths for standard curing conditions will fall down for most 
curing conditions that are not standard. 

In advancing a rule f’ —f+30yf for predicting 28-day strength 
from 7-day tests, Professor Slater (in his paper before this convention) 
specifically excludes its application to cases in which curing conditions are 
not standard. The correctness of this stand is evidenced by the following 
tabulation from these tests: 

















Strength (Lb. per sq. in.) 
Series Curing Actual 28-da y predicted 
Condition 7 day 28 day f'=f+30vs 

M3 (a) Standard 2414 4556 3900 

Ml (a) i 2620 4200 4170 

In @2da. I 2430 4130 3920 

« = fee 2 2290 4040 3750 

. ip baa 2230 3805 3650 

of 5 a 2065 3665 3450 

- ry eee 1815 3575 3100 

: ” gah 1920 3420 3250 

2} S e:* 2% 1650 3500 2880 

ws 4 - meee) 1871 3260 (1) 3175 

= is Seen Sg 1871 2350 (2) 3175 

2 " 7 “ It (dry) 1875 1996 (2) 3185 

M1 (b) Out @7 “ I (7 day Std.) 2620 4210 4160 

e ¥e Bk, - 2620 4015 4160 

” " see S| 3150 3610 4850 

7 ig ees 3240 3115 4960 

= = — Saeeee 2940 2896 4580 

e ™ iam 1 3100 2620 4780 
M1 (c) In 1 out 1 for 6 day II 2760 (2) 4100 (2) 4340 

- Dip 2nd-7th inel. II 2220 (2) 2560 (2) 3650 

Es Dip 2nd-3rd incl. II 2400 (2) 2253 (2) 3880 





(1) Test Wet 
(2) Test Dry 
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The “delayed storage” for periods of delay of 6 days or less agree very 
well with Slater’s rule. As the delay becomes greater the agreement will 
be less perfect and the dry specimens give actual strengths at 28 days about 
30 per cent below the predicted ones. 

For the “out before test” series, the actual 28-day strength is at least 
30 per cent below that predicted for most cases. 

In the “intermittent wetting” series the “in one day out one day,” etc., 
give excellent agreement, as the treatment is practically the equivalent of 
continuous wet storage on account of residual moisture held over. The 
dipped specimens on the other hand, are in about the same class ag air- 
cured ones and they fall about as far short of developing the predicted 28- 
day strength. 

Although it is evident that Professor Slater’s rule will not apply to 
cases of variable storage, a diagram similar to that of Fig. 13 can be used 
to give the percentage relation between 7-day and 28-day strengths for any 
known condition of storage, and satisfactory 28-day (or any other period) 
predictions may be made if the 7-day strength (or any other convenient 
strength) be first determined. 

At the beginning of this paper a list of questions was propounded. 
That list will be used as a basis for summarizing the conclusions from 
these tests." 


(). 1. For how long should concrete be kept moist after being placed? 

A. The longer the better, which you already know. To be more spe- 
cific, we refer to Fig. 13, and find that dry after 7 days will give a 28- 
day strength, about 65 or 70 per cent that of the standard 28-day speci- 
men in the same condition (wet or dry) at test. Dry after 14 days will 
develop about 88 per cent of the standard. 

Q. 2. Is intermittent wetting or sprinkling as effective as genuine 
moist curing? 

A. No, unless the wetting be thorough enough to keep the concrete 
moist during the interval between wettings. Whenever concrete dries, 
curing (i.e., gain in strength) almost ceases. It resumes at a diminished 
rate when moisture is again available. 

Q. 3. Is an early drying out permanently detrimental to the con- 
crete? (a) If the concrete be subsequently subjected to standard moist 
conditions? (b) If the concrete remain in the dried out state? 

A. (a) Probably not. The concrete will resume the curing process 


1It should be remembered that for such answers as are based on the uni- 
versal curing diagram for Series M1 of these tests, we are using figures derived 
from mortar tests on small volumes (2.x 4-in.) exposed to Colorado air. Mor- 
tars are likely to have a higher percentage range of variation than concretes 
and the drying out of small specimens is relatively rapid. These answers must 
therefore in many instances be considered as relative, illustrative and tentative, 
rather than exact and final. In the case of thin slabs or joists in buildings 
heated against frost it is entirely possible that conditions even worse than 
those which Fig. 13 summarizes, may exist. On the other hand, the results 
from Fig. 13 wil be rather too drastic for large beams, girders, etc., in this 
moist climate when artificial heat is not used. Pavements invariably cure 
hetter than is expected because of the moisture available from the sub-base. 
Construct your own diagram from the results of tests on your own concrete, 
and the figure will give you the correct numerical answers to your questions. 
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and may eventually “catch up.” From Fig. 13 we see that a specimen 
that was in air after the first day then immersed at the age of one month 
had acquired a strength of about 98 per cent (of the 28-day standard) 
at the end of 3 months. This illustrates the diminished rate of gain. 
(b) Permanently and extremely detrimental. The concrete never will 
develop a strength appreciably above what it had at 5, 6, or 7 days 
(when enough of the original mixing water was evaporated to halt 
further curing action) 2 

Q. 4. Will alternate saturation and drying out give a concrete 
stronger or weaker than one subjected to one condition or the other? 

A. Answered partially under 2. If the drying is not too prolonged 
the curing will be equivalent to a uniformly moist condition. If drying 
is complete between saturations strength will be reduced from that of 
moist cured concrete, but stronger than dry. (See series Ml (c) and Figs. 
2 and 5.) This answer takes no account of some situations in which 
alternate swelling and shrinking might damage the concrete by too 
violent internal stress fluctuations, etc. Like the case of internal stresses 
due to temperature changes, this becomes a problem for the designer. 
This phase of the question might well be referred to Professor Hatt and 
others who are now conducting important researches along these lines. 

Q. 5. Concrete cured moist is stronger than that dry cured, but is 
the difference enough to be of practical interest? 

A. Yes. Concrete moist cured will develop from 1.5 to 3 times the 
28-day strength of dry cured concrete, if both be in the same condition at 
test. The ratio becomes greater for greater ages. 

Q. 6. Concrete cured moist but dried out at test is stronger than 
the same concrete tested wet, why, and to what extent? 

A. Due to a mechanical hardening in the same way that dry brick 
or porous stone is stronger than the same material when saturated. 
When re-soaked the concrete resumes its former wet strength. The 
strength gain from drying out will vary from 10 to 40. per cent, depend- 
ant upon the mixture, degree of drying, etc. A good average value for 
typical concrete mixtures under average conditions may be taken, con- 


Ww 
servatively as 15 or 20 per cent. For wet mixtures (high __) it may 
Cc 
be as low as 10 per cent. 
Q. 7. Is moist storage as essential to wet mixed concrete as it is to 
drier mixes? 
A. More so. Figs. 6 and 11 show that the air-cured specimens of 


Ww 
concretes with — of 0.65, 0.80, and 1.10 developed 80.5, 76.5, and 68.1 


per cent, respectively, of the standard 28-day compressive strengths of the 
mixtures. These percentages would be 60.0, 57.5, and 51, respectively, if 
the standard specimen be in the same condition as the others (wet or 
dry) at test. 


1These findings fully accord with those of H. F. Gonnerman, as reported in 
The A. C. I. Proceedings, Vol. XIV, 1918. 
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Q. 8. Do mixes of different richness respond in the same way and to 
the same extent, to different curing methods? 

A. In the same way yes, but probably not to the same extent. These 
tests do not indicate clearly which way the trend lies. There is no series 
in which cement content, or richness of mix, was the only variable. 

Q. 9. Is there any essential difference between the curing of con- 
cretes and mortars? 

A. Not in manner, but some of these results appear to indicate quite 
a difference in degree. Mortars appear to have higher percentages fluc- 
tuation of strength, moisture content, etc., than do concretes. This evi- 
dence is complicated, however, by the presence of a pair of variables. 
The mortar and concrete specimens were not usually of the same size. 
(Mortars 2x4 in. and concretes 6x12 in.) 

Q. 10. How is curing affected by size of specimen or body of con- 
crete? 

A. For a small specimen or small body of concrete with relatively 
large surface area, serious damage from drying out is to be expected. 
The response to an unfavorable environment is much more rapid and 
complete for small than for large specimens. The response to the addi- 
tion of moisture is practically speaking, about equal in the two cases. 
Even a large mass of concrete soaks up moisture quite rapidly until 
nearly satisfied. (See Figs. 1 to 5 incl.) 

Q. 11. If one of a series of specimens has been left exposed to the 
air a day or more longer than its mates (possibly for recapping, as 
sometimes occurs) will this specimen differ in strength due to the differ- 
ence in treatment? (a) If the mold were left on during exposure? (b) 
If the mold were removed and the specimen in contact with the air 
during the exposure? 

A. (a) Very slightly if at all. (b) Yes. The extent will vary with 
atmospheric conditions, and with size of specimens, but it will be appreci- 
able in any case. The introduction of such variables should be avoided. 

Q. 12. In building construction, would leaving forms on for longe 
periods assist in curing? 

A. Probably. Too much reliance should not be placed upon it, how- 
ever, as much evaporation can still occur from the upper surfaces. It 
is at least on the safe side. 

Q. 13. Should special precautions be taken in building construction 
to avoid drying out, especially if heat be used to prevent freezing? 

A. Yes. It is probably the rule that concrete in buildings (espe- 
cially those erected in cold weather) is much weaker than the tests on 
moist cured samples indicate. (See Proceedings, Am. Soc. C. E., Janu- 
ary, 1925, Slater and Walker, Table 19, Field Tests of Concrete), also 
(Proceedings, A. C. I., 1923, Discussion by P. J. Freenian, p. 39). It 
is very important that precautions be taken to supply plenty of moisture 
for curing. 
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Q. 14. Some laboratories habitually remove specimens from moist 
storage one day before test. Will this procedure permit a fair measure 
of relative strengths of (a) Specimens of different sizes (as the standard 
6x 12-in.; 8x 16-in. and 2x 4-in. cylinders). (b) Specimens tested at 
different seasons of the year or at different locations where evaporation 
rates vary? 

A. (a) No. The extent of drying out is bound to differ. (b) No. 
Ditto. 

Q. 15. Is the strength change proportional to the change in mois- 
ture content: (a) If the moisture be lost before moist storage starts? 
(b) If the moisture be lost after moist storage but prior to test? (c) If 
equal moisture losses in either of the above cases be attained at different 
rates, i.e., if a specimen attain a given loss (1) at a rapid rate, or (2) 
at a slow rate? 

A. (a) (b) (c) Partially so. See Figs. 7 and 8 and the discussion 
of them. 

Q. 16. How do rates of evaporation compare with rates of absorp- 
tion (a) For specimens of the same size? (b) For specimens of different 
sizes? 

A. (a) Rate of absorption always rapid until saturation point is 
nearly reached. Evaporation rate varies with the environment, but 
much slower than absorption in any case. (b) Difference in absorption 
rate not important, i.e., still relatively rapid for both, but rate of evapo- 
ration greater for smaller specimens. 

Q. 17. How does the curing environment affect the phenomena of 
“autogenous healing”? 

A. Autogenous healing will take place as long as moisture is pres- 
ent. It ceases whenever the concrete dries out, but will be resumed upon 
subsequent wetting. 

Q. 18. To what extent do the results from these tests accord with 
other similar tests? 

A. So far as known, similar tests have only been conducted to de- 
termine the effect of drying out after wet storage and prior to test (“out 
before test” series). In other words, one-half the cycle has had some 
former experimental attention. The works of Abrams and Green ac- 
cord very perfectly with the results of these tests. Many of the con- 
clusions from these tests are by no means new knowledge. On the other 
hand few attempts appear to have been made to systematically cover the 
general subject of curing in one treatment. 

Q. 19. Will any rule for relation between 7-day and 28-day strengths 
hold true for variable curing conditions? 

A. It will not since no fixed mathematical relation exists between 
7-day and 28-day strength for different curing conditions. In case of 
dry air curing, for example, the 7-day and 28-day strengths are almost 
equal. Slater excludes his rule for use in any cases except those of 
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standard curing. A rule could doubtless be devised for any one condition 
of curing. 

Q. 20. Can the subject of curing be condensed into a general law or 
basic principle that will enable the concrete practitioner to predict with 
reasonable accuracy, the strength of an otherwise known concrete, under 
a variety of known or assumed curing conditions? 

A. Yes. Fig. 13 is illustrative of how this may be accomplished. 











Mr. McKesson. 


DISCUSSION. 


C. L. McKesson (By Letter).—It should be borne in mind in study- 
ing this carefully-prepared paper by Prof. Gilkey, that the major portion 
of the test specimens consisted of 2x 4-in. mortar cylinders. Our experi- 
ence in studies of the curing of concrete has not indicated that results 
obtained from curing tests on small mortar specimens are indicative of 
results to be had in curing tests of larger concrete specimens or of con- 
crete in mass in the field. The small mortar specimens after removal 
from water or moist storage undoubtedly dry out much more rapidly 
than larger specimens or mass concrete and the water needed for hydra- 
tion is, therefore, lost much sooner. 

That 2x4-in. mortar specimens and 6x 12-in. concrete specimens do 
not give parallel results in curing tests is indicated by Table 11 in 
Pro. Gilkey’s paper in which concrete specimens, Series Cl (b) and C2 
(b), show greatest 28-day strength with a wet curing period of 10 to 
20 days. This is also shown in Fig. 11 in which curves D, and E, show 
this same result graphically. The Abrams curve in Fig. 11 shows a 
maximum 28-day strength for concrete when specimens are removed from 
water at about 8 days. 

Test Series Cl (b) and C2 (b) are apparently the only tests made 
in which concrete was tested by keeping wet for varying periods and 
then by air drying until the time of test. The results of tests Series 
Cl (b) and C2 (b) are in general accord with the California Highway 
Commission tests' on cores drilled from field-cured concretes in 1925 and 
also with the results of a rather elaborate curing series made by the 
California Highway Commission and the Structural Materials Research 
Laboratory in 1924.7 As a result of these tests, the conclusion was drawn 
that maximum 28-day strength could be had under unfavorable condi- 
tions of high temperature and low humidity by keeping specimens damp 
from 7 to 14 days. The conclusion on p. 33 of Prof. Gilkey’s paper that 
specimens allowed to dry after 7 days will have only 65 or 70 per cent 
of the strength of standard 28-day specimens, would seem in view of the 
data given in Table 11 of Prof. Gilkey’s paper and of the writer’s experi- 
ence and observation, to apply to small mortar specimens rather than to 
concrete in larger test specimens or in ordinary pavement or structures. 


iCuring of Concrete, Recent California Experiments by C. L. McKesson, 
California Schwane, January, 1926. 

2Studies of Curing Concrete in a Semi-Arid Climate, Bulletin 15, Structural 
Materials Research Laboratory, Lewis Institute. 
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Watering of concrete and delayed use due to long curing periods is 
expensive and the watering and curing period should not, therefore, be 
extended beyond that which is necessary to give strengths required having 
in mind the proper factors of safety. 

Hersert J. GItKeEy (By Letter).—It is probable that the points men- 
tioned by Mr. McKesson, who is himself an investigator of curing condi- 
tions, are such as might occur to many careful readers of this paper. It 
therefore seems worth while and desirable to give them rather detailed 
attention. 

Briefly, the points made, or objections raised are as follows: 

1. The majority of the tests were made on 2 x 4-in. mortar specimens. 

2. His experience has not indicated that results from small mortar 
specimens are indicative of or parallel to results obtained from larger 
6 x 12-in. specimens or mass concrete in the field. 

3. Special exception taken to question No. 1 of the “Conclusion,” “that 
specimens dry after 7 days will develop only 65 or 70 per cent of the 
standard 28-day strength of the wet cured specimen.” 

4. From the standpoint of. economy the curing period should be as 
short as possible. 

These majority objections will be considered in the order stated. 

1. The majority of these tests were on the small specimens, as stated 
by Mr. McKesson, and the Universal Curing Diagram (Fig. 13) is based 
entirely upon 2 x 4-in. mortar series. Several attempts have been made to 
emphasize this fact. (See notes under the diagram, and footnote under 
Question 1 of the conclusions.) I hope that Mr. McKesson’s re-emphasis 
of this point will prevent its being overlooked by others. However, Series 
Cl, C2 and C3 are all of concretes (6x 12in.) and extensive tests of 
Abrams (a) and (b) and of Green are cited (See Tables I and II and 
Figs. 6, 7, 8, 11, and 12.) About one-sixth of these tests were on 6 x 12-in. 
concrete specimens while several hundred tests are represented by the work 
of Abrams and Green, 

2. These tests all lead to the conclusion that results on the smaller 
mortar specimens are exactly parallel to those obtained from mass con 
crete or lerger specimens. ‘There is a difference in degree and rate but 
none in kind. The smaller specimen will respond more rapidly to any 
change in curing environment, ‘just as Mr. McKesson has stated. This is 
shown very clearly in Figs. 6 and 11. The answers to Questions 7, 8, 9 
and 10 of the conclusions consider in some detail the effects of water ratio, 
size, mixture, ete. The detailed discussion of Fig. 11 calls attention to the 
remarkable similarity of action between the concretes and mortars shown 
and also to the difference in extent and rate of action due to differences in 
size of specimens and atmospheric environments. 

That the results of the mortar tests are not only indicative of the 
nature of the effects on concretes, but that commercial concretes may be 


affected by too short a curing period far more drastically than were any 
of the mortars reported here, is indicated by the tests of Abrams as plotted 


Mr. Gilkey. 
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on Fig. 12. The tabulation below is of the data from Table IV, Lewis 
Institute Bulletin No. 2, part of which is shown on Fig. 12, of this paper. 


Effect of Different Periods of Moist Storage on Compressive Strength expressed 
as Percentage of Compressive Strength of Full Time Moist Stored Speci- 
men of Same Test Age (Table IV, Bulletin No. 2, Lewis Institute). 


Age Exposed to Air of Laboratory after 
at Moist Storage of (in days) 
Curve’ Series Material W/C Test 
(Dry) 3 7 14 21 Remarks 


45 70 78 95 108 
A M1 (e) (f) Mortar 0.70 3mo. (30) (55) (63) (80) (93) 
44 56 72 85 105 
B Abrams(a) Concrete 0.66 4mo. (29) (41) (57) (70) (90) 
42 58 =e we 


2 5 92 Not plotted 
— v4 26 0.73 © (87). £48)... .. (77) on Fig. 12. 
45 50 59 75 8&6 
Cc “ “e 0.81 “ (30) (35) (44) (60) (71) 
37 46 “s a 87 Not plotted 
~- os “ 0.91 me ey Shy. .. (72) on Fig. 12. 
Se...26) 44: 40.93 
D “ “ 0.99 “ (21) (21) (29) (45) (62) 
35 33 40 53 ~ 65 
E “ “ 1.09 “ (20) (18) (25) (38) (50) 


It should be noted that Fig. 12 gives the age after removal from 
mold and that the actual age (which is used in the above tabulation) is 
one day greater than indicated by the horizontal scale of Fig. 12. Thus 
the data for Cols. 3, 7, 14 and 21 of this table would be found at 2, 6, 
13 and 20 days in Fig. 12. The figure in parenthesis indicates the relative 
strength if the specimens compared be in the same condition at test. The 
specimens on which the percentages are based were all stored moist for the 
full test age and tested moist. The specimens removed from storage were 
all dry at test. An arbitrary figure of 15 per cent has been assumed as 
representating the gain in strength by virtue of the dried condition (or 
loss in strength of the standard specimen by virtue of being wet at test). 
As elsewhere noted, see question 6 of conclusions, this difference may 
actually be any where from 10 to 40 per cent, the 15 per cent assumed 
being well toward the lower limit. It is probable that the time difference 
between being dry and moist at test would vary considerably for the wide 
range of water-cement ratios covered but it is doubtful if the difference 
would be less than 15 per cent in any of these cases. 

In comparing Abrams’ figures with those of the Colorado tests, 
several points are brought out. 

(a) On the basis of 4-month strengths, the effect of an incomplete 
curing is more pronounced than on the basis of 28-day strength tests. 
This accords fully with the findings stated in Question 2 of the conclusions 
and shown on Fig. 13. Gain of strength ceases when the concrete or 
mortur becomes dry while that remaining moist will cure and take on 
strength indefinitely or practically so, at a constantly diminishing rate. 

(b) The fact that the premature removal is much more detrimental to 
concretes having high water-cement ratios accords with the conclusion of 
Question 7. 
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(c) The mixtures of practice are rarely those of water-cement ratios 
below 0.80 and are usually those with ratios from 1.00 to 1.10. For these 
mixtures Abrams’ tests show that the effect of unfavorable curing is even 
greater for concrete 6x 12-in. cylinders than it is for mortar 2x 4-in. 
specimens of our tests. These data would seem to indicate that the rela- 
tively dry mixture used in the 8 x 4-in. mortar specimens more than offsets 
any advantage that the larger concrete specimens might have by virtue 
of size (slower response to an unfavorable environment) and possible 
greater range of fluctuation for mortars *than concretes (mentioned in 
Question 9 of the conclusions). 

3. The answer to Question 1, of the conclusions was derived from 
Fig. 13. Footnotes under both Question 1 and Fig. 13 specifically state 
that such citations are from small mortar test specimens and’ are illus- 
trative only. Nevertheless the results of Abrams (Fig. 12 and the tabula- 
tion given above) indicate very clearly that for usual mixtures “dry after 
7 days” is likely to produce a concrete weaker than 65 or 70 per cent 
of the standard, rather than stronger. Moreover the difference becomes 
greater with added age rather than less, as noted under 2, (unless favor- 
able curing conditions be again attained). 

It is probable that there is really no disagreement between Mr. Mc- 
Kesson’s experience and the results of these tests. A specimen dry after 
14 days, tested dry might well approximate, or even exceed the 28-day 
strength of a standard moist cured specimen tested moist. But that 
same moist specimen has a dry strength from 10 to 40 per cent above its 
wet-tested strength. Mr. McKesson has probably not been thinking in 
terms of specimens that were in the same condition at test. Nor are 
results of flexural tests necessarily parallel to those from compressive tests. 

4. Watering of concrete and delayed use due to long curing periods 
is expensive and it is not the intention to here recommend, by inference 
or otherwise, that unnecessary expense be incurred in order to attain 
maximum strength prior to use. Especially is such procedure not neces- 
sary in the case of pavements. A pavement may be safely placed in service 
just as soon as the combination of curing and hardenihg by drying out 
give it strength enough to stand up under the traffic. At some seasons of 
the year the sub-base will again contain moisture and curing will resume. 
This resumed curing will develop strength more slowly than the original 
curing (as noted in the discussion of question 3 of the summary) but 
tests made after this paper was prepared seem to indicate quite definitely 
that the specimen with a poor start or having an interrupted curing period 
will eventually “catch up” if later favorable storage conditions be con- 
tinued for a sufficient length of time. As stated in the footnote to the 
summary (p. 427) it is often true that cores drilled from pavements prove 
to be as strong or stronger than samples of the same concrete cured under 
almost ideal laboratory conditions. In nearly all locations there is present 
in the subgrade during several months of the year enough moisture to 
satisfy all curing needs. As noted in question 13 of summary and in 
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footnote mentioned above this condition is not true for concrete in build- 
ings and greater expense is there justified in order that the concrete 
approximate its design strength before moist curing is stopped. In this 
latter case, it will often be more economical to use a richer mix for the 
development of high early strength in preference to a too long wetting 
down period or leaving on of forms. 











RELATION OF 7-Day TO 28-DAay COMPRESSIVE STRENGTH OF 
MortTAR AND CONCRETE.* 


By W. A. SLATER.** 


There seems to be a widespread belief that there is little relation be- 
tween the strength of concrete at an age of 7 days and that at 28 days. 
This belief stands in the way of using the 7-day strength as a criterion 
for determining whether concrete on construction work will acquire at a 
later date the strength required by the design. 

Results of the field tests carried out at Camden, N. J., and Newark 
Bay, N. J., under the sponsorship of the Joint Committee on Standard 
Specifications for Concrete and Reinforced Concrete’ suggested a fairly 
definite relation between 7-day strength and 28-day strength. This indica- 
tion has been confirmed by a study of results of laboratory tests of con- 
crete and mortar. The accompanying figures show the 7-day strengths 
plotted as abscissas and the 28-day strengths as ordinates. The curved 
line shown in each diagram is the graph of the equation 


ff’ mS 4 BOF . oa cnnnaes snidoenie dognt (1) 

This equation represents fairly well the relation between the 7-day 
strength f, and the 28-day strength, f’.. 

Most of the data are taken from the publications of the Structural 
Materials Research Laboratory, Lewis Institute, Chicago, but enough are 
from other sources to indicate that the relation pointed out is found to 
apply to other data. 

In most cases the strengths reported represent the average of five tests 
of a kind for both the 7-day and the 28-day ages. 

The exceptions were as follows: 

No. of specimens of 


Fig. No. the same kind 
1 4 
2(b) 4 
3 (Tables 20, 21, 28 and 30) 3 
3 (Tables 31B and 31C) 2 
4(b) 24 or 60 
10(a) Unknown 
11 (1: 5.2 mix) 4to 10 
11 (1: 2.5 mix) 5 
12 5 
15 3 
16 3 





* Published by permission of the Director of the Bureau of Standards. 
**Bngineer-Physicist, Bureau of Standards, Washington, D. C 
1See Am. Soc. C. E. Proceedings, January, 1925. 
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Where admixtures with the cement were used the material was gen- 
erally added, in the percentages by volume indicated in the diagrams, to a 
fixed quantity of cement, that is, the percentage of admixture is given as 
a percentage of cement. In Fig. 9d, however, the admixture replaced a 
corresponding quantity of cement and is stated as a percentage of cement 
plus admixture. In Fig. 6 the percentage of tannic acid gives the concen- 
tration of tannic acid in terms of the weight of the mixing water. 

Figs. 1 and 2 give the strengths of concretes made from different mate- 
rials, from different proportions of the same materials, and with different 
water-ratios when the proportions were kept the same. In all cases the 
relation between the 7-day and the 28-day strength is fairly well repre- 
sented by Equation (1). 

In Fig. 3 are data from Technologic Paper No. 58 of the Bureau of 
Standards. A few points show 28-day strengths too low to fit Equation (1). 
Of these one group of specimens was steam cured and since steam curing 
accelerates the hardening it is to be expected that the relation between the 
7-day and the 28-day strength would be disturbed. Three other points fall 
too low for the equation. 

In Fig. 4c the 28-day strength for concretes made from cements of 
varying degrees of fineness were consistently a little lower than the strengths 
indicated by the equation. The variation was not greater than must be 
expected in any case where experimental results are involved. 

Notwithstanding the deterioration of the cement with age and the 
harmful effects of tannic acid as shown by Bulletins 6 and 7 respectively 
of the Structural Materials Research Laboratory the relation of the 28-day 
to the 7-day strength is shown quite satisfactorily in Figs. 5 and 6 by 
means of Equation (1). 

Figs. 7, 8, 9 and 10 are used to show the effect of a variety of pow- 
dered admixtures used in different percentages, on the compressive strength 
of concrete. All the data except those of Fig. 10a are from Bulletin 8, 
Structural Materials Research Laboratory. With the possible exception of 
calcium chloride no effect of the admixtures on the relation between the 
7 and 28-day strengths can be seen. It is not certain whether the wide 
variation of the strength in Fig. 10a from the curve shown represents an 
effect of calcium chloride or whether it is merely a result of erratic test 
data. The points for zero calcium chloride when plotted by themselves 
show an agreement with the curve which is only slightly less satisfactory 
than that found in other curves of this paper. When the points shown in 
Fig. 10a are segregated into groups according to the percentage of calcium 
chloride there is some indication that the higher the percentage of calcium 
chloride the higher the points lie with reference to the curve. 

Figs. 11, 12 and 13 have been plotted from Bulletin 13 of the Struc- 
tural Materials Research Laboratory to show the effect of calcium chloride 
admixture on the relation between the 7-day and the 28-day strengths. 
Fig. 11 includes 1: 5.2 and 1: 2.5 concretes with admixtures in varying 
amounts, of calcium chloride in five different forms. Fig. 12 includes pro- 
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FIG. 1.—COMPRESSIVE STRENGTH OF 2 X 4-IN. MORTAR CYLINDERS WITH 
VARYING PROPORTIONS OF CEMENT. 
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FIG. 2.— COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH VARYING 
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portions of cement to aggregate of 1:7, 1:4, 1:3 and 1:2. In these 
figures more markedly than in Fig. 10a it appears that the addition of 
calcium chloride had the effect of causing a smaller proportionate increase 
of strength than is found when no calcium chloride is present. This result 
may be accounted for by the fact that, as shown in Bulletin 13, the pro- 
portionate increase in the 7-day strength due to the use of calcium chloride 
was considerably greater than the proportionate increase in the 28-day 
strength. 
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FIG. 7.—COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH VARYING 
PERCENTAGES OF POWDERED ADMIXTURE. 


Fig. 13 has been prepared to determine the effect of curing conditions 
on the relation of the 7-day to the 28-day strength. This figure shows that 
the curing conditions have an important effect on the relation and indicate 
that in order for Equation (1) to apply the storage should be under moist 
conditions throughout the curing period. 

The variation in storage conditions affected the average 7-day strengths 
shown in Fig. 13 less than it affected the average 28-day strength. This 
fact is favorable to the use of the 7-day test as a gage of the 28-day 
strength of the concrete when cured in moist air or sand. 
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In Fig. 14 the strengths for 2 x 4-in. mortar cylinders are given. The 
points for specimens made from standard Ottawa sand on two different 
dates lie close to the curve. The points for specimens made from Elgin 
sand lie slightly above it. The agreement on the whole is satisfactory. 

In Bulletin No. 10 of the Maine Technology Experiment Station “The 
Prediction of the 28-Day Breaking Strengths of Mortars from Their 7-Day 
Results,” by Gowen, Leavitt and Evans, the equation 
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FIG. 8.—COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH VARYING 
PERCENTAGES OF POWDERED ADMIXTURE. 
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is shown to fit the results of 166 tests of 2x4-in. mortar cylinders of a 
1:2 mix. The agreement of this equation with the results from which it 
was derived is close, and it seems that the difference between those test 
results and the results here reported is measured approximately by the 
difference between Equations 1 and 2. The University of Maine tests, how- 
ever, include no specimens with a 7-day strength less than 1,200 lb. per 
sq. in. and it sems likely that the straight-line equation would not have 
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been found to fit the test results for low strengths. For comparison the 
graph of equation (2) is shown in Fig. 14. 
The straight-line equation 


f’. = 633 + 1.32 f 


whose graph is shown in Fig. 14 gives the same 28-day strengths as Equa- 
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FIG. 9.—COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH VARYING 
PERCENTAGES OF HYDRATED LIME, 


tion (1) for 7-day strengths of 1,000 and 4,000 lb. per sq. in. and for 
strengths between these values fits the test results with sufficient accuracy. 
This equation is somewhat simpler than Equation (1) but does not apply 
for 7-day strengths below 1,000 lb. per sq. in. 

Results of tension tests are shown in Fig. 15. It is clear from this 
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FIG. 10.—COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH VARYING 
PERCENTAGES OF CALCIUM CHLORIDE OR NATURAL CEMENT ADMIXTURES. 
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FIG. 11.—COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH VARYING 
PERCENTAGES OF CALCIUM CHLORIDE; MIX 1: 5.2, ANND I: 2.5. 
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FIG. 13.—COMPRESSIVE STRENGTH OF 6 X 12-IN. CYLINDERS WITH CALCIUM 
CHLORIDE ADMIXTURES CURED UNDER VARYING CONDITIONS, 
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figure that the proportionate increase of the tensile strength between the 

7 and 28-day ages was much less than that of the compressive strength. 
Fig. 16 is reproduced from the report of the field tests carried out at 

Camden and Newark Bay, N. J., under the sponsorship of the Joint Com- 


mittee. (See Am. Soc. C. E. Proceedings, January, 1925, p. 3.) Each 
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point represents the average of three 7-day strengths and three 28-day 
strengths. Approximately 80 per cent of the points show 28-day strengths 
varying not more than 15 per cent from the strength shown by Equation 
(1). The other 20 per cent show variations of from 15.to a maximum of 
40 per cent. For the laboratory tests, Figs. 1 to 14, most of the 28-day 
strengths show a smaller variation than this from the strength given br 
the equation. In a few cases such as Figs. 11, 12 and 13 the entire group 
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of points appears to lie above or below the graph of the equation, mdicat- 
ing a systematic rather than an accidental variation. 

The data included in Figs. 1 to 16 involve many of the variables which 
may affect the compressive strength of concrete. Yet the results are suffi- 
ciently concordant to warrant the conclusions that within the limits of 
accuracy required on construction work, the 28-day compressive strength 
of concrete may be predicted from the 7-day compressive strength by means 
of Equation (1). 

If Equation (1) is to be used to predict the 28-day strength of field 
specimens tested at 7 days it will be important that the field specimens be 
placed in damp sand as soon as possible after they are made in order to 
avoid the effect of variations in the early storage conditions on the 7-day 
strength. 

The use of Equation (1) for predicting the 28-day strength would not 
remove the necessity of making 28-day tests before the beginning of con- 


struction as a gage of the suitability of materials and proportions pro- 
posed for use. 











Mr. Schnarr. 


DISCUSSION. 


WILFRED SCHNARR (By Letter).—The Hydro-Electric Power Commis- 
sion of Ontario in its field work has used 7-day compressive tests as an 
indicator of probable 28-day strengths and has thus accumulated con- 
siderable data on the relation between the two. These data in the form 
of charts are shown herewith. 

Fig. 1, 2 and 3 cover different field jobs and are representative of the 
type of data that have been obtained. Fig. 4 is from tests made in the 
Toronto laboratory of the commission. In the field tests, the 7-day results 
are from an individual specimen; the 28-day are an average of two. In 
the laboratory tests both 7-day and 28-day results are an average of 5 
specimens. Damp sand curing is used in the field; moisture saturated air 
in the laboratory. Details of the materials and conditions on the three 
field jobs are given in Mr. Young’s paper. (See p. —.) 

It is noticeable that only in one of these curves do the data agree with 
the theoretical curve. In Figs. 1 and 2 the results are below, in 3 and 4 
the slope of the average line is steeper than for the theoretical curves of 
Professor Slater. These curves are so typical of many others which have 
been observed by the commission, both in field and laboratory tests, that 
these divergences would seem to have some common cause and therefore 
the conditions under which the different tests were made have been care- 
fully analyzed. 

The factor which seemed to best explain the differences in the curves 
was the different rates of the setting of the cement. 

Four cements are represented, A, B, C and D, and on some jobs, two 
of these were used. Cement C has a rather high 7-day strength and in 
Fig. 1 the concrete tests fall considerably below the line. The cement in 
Fig. 2 was for the most part D, with the balance B. D has a fair strength 
for the 7-day test while B has a very high 7-day test. The tests for D 
are close to the curve, while B which had the high 7-day strength is con- 
siderably below the line. 

In Fig. 3 the cement used was divided about equally between brands 
A and B. Cement A has a normal 7-day strength and the 28-day strength 
somewhat higher than the average. This accounts for the group on the 
upper side of the curves, while those close and a little below are cement C, 
which in this case seems to have a relation that is more comparable to 
Professor Slater’s tests than the rest. In Fig. 4, the laboratory tests, 
cement A was used, and half of these tests and especially those of the 
higher strength lie above Slater’s curve. 
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The aggregate or the curing condition seem to have had little influence 
on the results obtained. The aggregate used on each job was a different 
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FIG. 1 


material, but for any individual job, the aggregate was very uniform. The 


specimens were cured in the usual manner, stored in damp sand or ina 
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moisture saturated air and were tested on the job, with the exception of the 
tests of Fig. ‘ 
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case all cylinders were stored at the works and shipped in boxes containing 
moist sawdust to the Toronto laboratory, where they were stored until 


tested, 


DISCUSSION. 


where no testing machine was available in the field. 
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The results as shown by the four charts would indicate a wide range 
of strength, at 28 days for any one value at 7 days, approximately 1000 Ib., 
and for this reason we would not be inclined to depend too greatly on the 
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FIG. 3 


earlier tests, for indicating the 28-day strength. Again using the 7-day 
tests tends to give a preference to high early setting cement, and such 
cements are not necessarily better than those that set up more slowly. 
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On the strength of these data which are typical of other data in the 
possession of the commission, we are inclined to believe that it would be 
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well to consider the possible effect of curing and cement in predicting 
28-day strength from 7-day tests, as they have a direct hearing on the 
relationship between the two, 
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JOHN W. Gowen anv H. Wavrer Leavirr (By Letter).—The prob- 
lem of the relation between the 7-day and 28-day test on mortars’ has 
interested us for some time. In fact, we were perhaps the first laboratory 
to seriously attempt its solution. While many engineers were yet arguing 
that the 7-day test was either of no value or very doubtful value it was 
possible to show on more material than has as yet been analyzed elsewhere 
that the 7-day mortar strength has a fairly high relation to its 28-day 
strength. 

Mr. Slater’s results differ from ours in detail only. He uses an ex- 
ponential equation in place of our linear equation to describe the relation 
between the 7-day and 28-day test results. It is of interest to examine the 
reasons for choosing linear equations for describing the results on mortar 
or concrete strength. Linear equations were chosen because of the fact that 
so far as engineering experience has shown and so far as our data were 
able to show, the results throughout supported the assumption of a linear 
relationship. This conclusion was supported by 478 tension tests- (3. bri- 
quettes each, 1: 3 mix) and 166 compression tests (3 cylinders each, 1: 2 
mix) on natural sands of the state of Maine. Since our original study 
was completed these data have been much extended, in fact, our subsequent 
254 tension tests and 251 compression tests support the same conclusion, 
namely, that the relation between the 7-day and the 28-day tests are linear 
in so far as practical engineering experience will allow us to determine. 

Mr. Slater has attempted to apply his equation to mortar, cement or 
concrete, made under many different conditions and mixes, whereas in our 
work we attempted to apply our equation only to our standard mix of 1: 2 
for compression? and 1:3 for tension. It is believed that this further 
extension is of doubtful value because of the fact that in studying the 
relation between strength increases to increases in the cement sand ratio 
we have found that the relation becomes non-linear, It is therefore intro- 
ducing a slightly different variable to apply an equation to all materials 
when it is also to be applied to sands of a single mix. Furthermore it was 
possible to show that every laboratory has its personal equations.’ This 
personal equation materially influences the relation between the 7-day and 
the 28-day test. It is, in our judgment, more desirable to find out the 
personal equation in the laboratory in making the prediction equations to 
be used in that laboratory than it is to attempt to make an equation which 
takes no account of this factor and consequently predicts poorly under 
many conditions. 


‘See Gowen, John W. and Leavitt, H. Walter, “The Prediction of the 25-day 
Breaking Strength of Mortars from their 7-day Results.””. Maine Technology 
Experiment Station Bulletin No. 10, 1925. 

*See Gowen, John W. and Leavitt, H. Walter, “The Choice of a Mix for 
Determining the Compressive Strength of Mortars."’ Maine Technology Experi- 
ment Station Bulletin No. 5, 1923. 

5Gowen, John W. and Leavitt, H. Walter, “The Strength of Mortars in Rela- 
tion to the Experience and Personal Equation of the Operator.” Maine Tech- 
nology Experiment Station Bulletin No, 11, 1925, 


Mr Gowen. 
Mr. Leavitt. 
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Mr. Slater presents data on thirteen different tables where the numbers 
are sufficient to have a meaning. Of these thirteen there are eight which 
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FIG. 1.—THE FIT OF EQUATION f= 402 + 1.512 f UPON MR. SLATER’S DATA 
OF FIGURE NO. 14, 
[Gowen and Leavitt Discussion] 


have a good fit and five which poorly fit. The data are in each table hetero- 
geneous in one way or another either through the use of the different 
cements, through the use of different aggregates, the proportion of tannic 
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acid, proportions of calcium chloride or some such admixture. In general 
the data do not seem comparable with those with which engineering prac- 
tice: has to deal. In almost every case the data could be fitted more accu- 
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{Gowen and Leavitt Discussion } 


rately by the proper linear equation than by the exponential formula 
suggested. 

Mr. Slater very promptly tries to apply the equation which we pre- 
sented for our data on but one chart and even then there is considerable 
question as to whether or not the data he uses are suitable for this appli 
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cation, As might perhaps be expected our equation fits rather poorly, his 
equation fits only fairly well. These data can, however, be fitted accu- 
rately by the same method by which our previous equations were derived. 
The resulting equation is 

fi,== 4024 1.512 f 
This equation accurately fits the results. It is a much better fitting equa- 
tion than either of the other two as is shown in Fig. 1. 
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At the University of Maine laboratory 251 tests for compressive 
strength at 7 and 28 days have been performed since our original study. 
These data are all on the 1:2 mix under carefully controlled conditions. 
They are made with nearly all types and kinds of native sands which the 
engineer meets in actual practice. 

Fig. 2 shows the results of applying our prediction equation to these 
251 samples. It is obvious that the prediction is on the whole fairly good 
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as the average actual test for each prediction agrees well with the pre- 
dicted value. The measure of the accuracy of this prediction is given by 
the correlation coeflicient between the actual 28-day compressive strength 
and the predicted 28-day compressive strength (the prediction being deter- 
mined from the 7-day results). + This correlation coefficient is found to 
he 0.843 + 0.012. The agreement is consequently rather close between the 
28-day compressive strength as determined from the 7-day compressive 
strength and the actual strength which the mortar was able to develop. 

Fig. 3 shows the results of applying Mr. Slater's equation to the 
same data. The prediction is obviously not so accurate as that which is 
derived from the equation we previously presented. 

If the correlation coefficient be determined it is found to be 0.671 + 
0.023 or much less than was obtained by the use of our prediction equation. 


TABLE I.—ILLUSTRATING THE ACCURACY OF PREDICTION OF Mk. SLATER’S 
EQUATION AND THE UNIVERSITY OF MAINE EQUATION UPON THE 
Test ResuLts or 251 Native MAINE SANDS. THe Data 
ARE THE SAME AS PRESENTED IN FIGS, 2 AND 3, 


1 2 3 4 D 6 
Actual Average Predicted 28-Day Difference Difference No. of 
28-Day Compression Compressive Strength Between Col. Between Col. Sands 
Lb. Per Sq. In. U.of M. Mr. Slater’s land Col.2 land Col. 3 
Equation Equation 
2.300 2.650 2.750 1350 +450 3 
2,500 3,900 1.300 1400 -!-1800 1 
2.700 2.500 2.700 200 0 1 
2.900 3,700 4.200 +800 +1300 2 
3,100 3,760 4.160 L660 +1060 6 
3,300 4,020 4,440 L720 +1140 6 
3,500 1,040 1.500 +540 --1000 9 
3.700 4,280 4,740 1580 +1040 16 
3.900 4,210 4.640 +310 +740 15 
4,100 4,480 4,960 +380 +860 31 
1,300 4.400 4,900 +100 +600 25 
$500 1,800 5,320 +300 +820 27 
1,700 4,700 5,180 0 +1180 17 
1,900 5,260 5,520 +360 +620 31 
5,100 5,120 5,720 +20 +620 18 
5,300 5,220 5,800 -—80 +500 12 
5,500 5,300 5.920 —200 +420 15 
5,700 6.000 6.660 +300 -L960 4 
5,900 4.940 5,460 960 —440 4 
6,300 5,300 5,860 1000 —-440 4 
6,500 5.700 6,400 —-800 —100 3 
6,700 6,500 7,100 —200 +400 1 
Weighted average without regard to sign... 322 7ll 


Weighted average with regard to sign.. . 206 SO 
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Table L shows the comparison between the actual compressive strengths 
and the average compressive strengths predicted by the University of 
Maine equation and Mr. Slater’s equation. The actual compressive results 
are given in the first column; the predicted 28-day strengths determined 
by the University of Maine equation in‘the second column; the predicted 
28-day strengths determined by Mr. Slater’s equation in the third column. 
The measure of the accuracy of prediction is the difference between the 
actual results and the predicted results. This difference for the University 
of Maine equation is given in column 4, that for Mr. Slater’s equation in 
column 5. Column 6 shows the number of tests in each group. 

If columns 4 and 5 be compared it is evident that in general the Uni- 
versity of Maine equation gives a much better prediction of the actual 
results. Mr. Slater’s equation overpredicts. The average weighted differ- 
ence without regard to sign for the University of Maine’s equation is 
322 lb. against 711 lb. for Mr. Slater’s equation, or the University of 
Maine’s equation is more than twice as close to the actual results. The 
average weighted difference with regard to sign is 206 Ib. for the Uni- 
versity of Maine data compared with 680 lb. for Mr. Slater’s data. 

The conclusion could therefore be drawn that the linear equation pre- 
sented by us is the most suitable equation for the prediction of the 28-day 
compressive strength from the 7-day compressive strength. But we have 
some doubt as to the validity of this conclusion. The preferred conclusion 
is that for accurate predictions each laboratory would best determine their 
equations by the method previously presented’ for otherwise the same diffi- 
culties as those found in our use of Mr. Slater’s equation are likely to 
occur. 

Our equation was not derived for the prediction of 28-day concrete 
strength from 7-day concrete strength. However, it is interesting to see 
how closely it would apply as contrasted with the equation presented by 
Mr. Slater. G. W. Hutchinson has derived data suitable for this work.’ 
These data were used by neither Mr. Slater nor the authors in the deriva- 
tion of their respective equations and were chosen partly because of this 
fact and partly because the largest number of concrete tests at hand were 
represented. The data looked to be heterogeneous in that they are obviously 
composed of two centrally varying groups. We do not know why they 
should be heterogeneous other than that the data included several different 
cements which may possibly have differed significantly in their strength- 
producing properties. The data include 99 concretes made from standard 
Ottawa sand with a standard aggregate. If we determine from Mr. Hutch- 
inson’s 7-day test results the predicted 28-day test results as derived from 
the equation which we have previously presented and the equation which 
Mr. Slater presented we find that for Mr. Slater’s equation there is a corre- 
lation between the predicted 28-day test results and the actual 28-day test 


Bulletin No. 10, loe. cit. 
"See 1925 Proc. A. S. T. M. Part 2, Page 231. G. M. Hutchinson's discus 
sion of “Significance of Mortar Tests” by Gowen and Leavitt. 
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results of 0.655 + 0.039. Between our 28-day predicted results and the 
actual 28-day test results there is a correlation of 0.602 + 0.043. The 
results shown in Figs. 4 and 5 do not differ significantly. 

A study of Figs. 4 and 5 reveals no preference in either of the equa- 
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28-DAY CONCRETE TESTS. 
{trowen and Leavitt Discussion | 
tions so far as these data are concerned. It is clear then that our equation 
is equally valid with that of Mr. Slater, even extending it to conerete. 
We do not, however, offer our equation for such use at this time, for we 
hope to be able to collect data in the future which will be more adequate 
for such work. 
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Mr. Slater shows quite distinctly that his equations for compressive 
strengths do not apply to tensile strength. We have been able to show 
elsewhere that linear equations will also apply to tensile strength data, 
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both of Ottawa sand and on ordinary commercial or native field sands’ as 
found throughout our own state of Maine. 


*Bulletin No. 10, loc. cit. 
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F. E. Giesecke* (By Letter).—Mr. Slater's paper is a valuable con- mr. Giesecke. 
tribution to the literature relating to concrete construction. The formula 
submitted as expressing the relation of the 7-day to the 28-day compressive 
strength of concrete can be easily applied and has been used in our labora- 
tory with satisfactory results. In order to determine how well the values 
calculated by means of the formula agree with actual results secured in 
our laboratory a study was made of practically all available tests per- 
formed in the laboratory during the past ten years. Our files were studied 
by C. P. Reming, laboratory assistant, who found records of 137 tests to 
which the formula might be applied. The tests were divided into four 
groups and each group represented in a separate figure. 

Fig. 1 represents the results of 51 tests of 2-in. mortar cubes. 

Fig. 2 represents the results of 34 tests of 2 x 4-in. mortar cylinders. 

Fig. 3 represents the results of 36 tests of 6x 12-in. conerete cylinders. 

Fig. 4 represents the results of 16 tests of 3x 6, 4x8, and 8x 16-in. 
concrete cylinders. 

The test results recorded in these figures were practically all secured 
by G. A. Parkinson, assistant testing engineer. Mr. Reming’s calculations 
which form the basis of the figures were checked by H. R. Thomas, testing 
engineer. 

A study of the diagrams shows: 

A. That the test results secured with 2-in. mortar cubes, as shown in 
Fig. 1, are somewhat lower than those calculated by the formula; 

B. That for the exceptionally strong concrete represented in Fig. 3 the 
actual results are higher than those calculated by the formula; 

C. That for the ordinary type of concrete, having a 28-day strength 
of about 2,500 Ib., the values calculated by the formula agree very well 
with the actual results secured in our laboratory. 


*Director, Engineering Experiment Station, University of Texas. 
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Mr. Bauer. 
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Epwarp E. Baver* (By Letter).—The writer recently made some tests 
at the University of Illinois which bear out the relationship between 7-day 
and 28-day strengths as expressed by the equation 


ff. =f+304/f 


The results are given in Table I and shown graphically in Fig. 1. 

Six different brands of cement were used in making concrete and mor- 
tar; crushed stone was used as a coarse aggregate and sand as a fine aggre- 
gate in three mixes and with two consistencies for each mix. Screened 
gravel was used as a coarse aggregate and sand as a fine aggregate in six 
mixes and with two consistencies for each mix. With the exception of one 
point, all points come fairly close to the curve expressed by the above 
equation. 

It was felt that all cements might not gain strength at the same rate 
and thus affect the reliability of the relationship. In order to check this 
point all the brands of cement available in Champaign and Urbana (ex- 
cept Miami Portland cement') were secured. Six 6x 12-in. cylinders of 
1: 2: 3% conerete were made using each brand of cement. Six 2x 4-in. 
cylinders of 1: 2 mortar were made using each brand of cement. Three of 
a kind then were tested at 7 days and three at 28 days. 

There was quite a wide variation in the strengths of the concrete at 
both 7 days and at 28 days. The 7-day strength of the concrete varied 
from 1,650 to 2,620 Ib. per sq. in., and the mortar from 2,460 to 4,340 Ib. 
per sq. in. The 28-day strengths of the concrete varied from 3,130 to 
4,530 lb. per sq. in., and the mortar varied from 4,320 to 6,000 lb. per 
sq. in. The concrete and the mortar gained strength from 7 days to 28 days 
however according to the relationship given by Mr. Slater. 

General Description of Tests.—The same cement was used in all the 
tests, except in the group where the cement was the variable. A coarse 
sand, having a fineness modulus of 3.30, was used in all the tests. Except 
in one set the coarse aggregate was a screened gravel having a fineness 
modulus of 7.50. In the other set the coarse was a broken stone from 
Greencastle, Indiana. It was about as coarse as the screened gravel. All 
consistencies were workable. Enough concrete to make six cylinders was 
mixed in a tilting drum mixer. Enough mortar was hand mixed to make 
six 2x 4-in. cylinders. The cylinders were removed from the forms at the 
end of 24 hours and placed in the moist room until just before testing. 
The cylinders were capped with dental plaster of paris and the large cyl- 
inders tested in a 200,000-lb. hydraulic testing machine and the small 
cylinders in a 30,000-Ib. knife-edge machine. 

Henderson, Kentucky, Tests.—During the summer of 1924 the writer 
received some specimens from a construction job in Henderson, Ky., to be 

*Instructor in Civil Engineering, University of Illinois. 


4Gains strength more rapidly than most portlands. It is ground so that 92 
per cent passes the 200-mesh sieve. 
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tested in compression. The results of the tests are given in Table II. The 
points are plotted in Fig. 1. Most of these points fall slightly under the 
curve. 

Relation between 7-day and 28-day Tensile Strengths of Mortars.—I\n 
Fig. 2 are plotted the results of some tension tests of mortars, showing the 
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relationship between 7-day and 28-day strengths.? The results fall along 
a curve represented by the equation 


| — f rs Vi t 
The results given by Mr, Slater in Fig. 15 agree fairly well with the curve 
given above. 
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PaB_Le I.—ReEsutts or Tests To SHow RELATIONSHIP BETWEEN 7 AND 
28-Day CoMPRESSIVE STRENGTHS OF CONCRETE. 
Concrete. Concrete. Concrete. 
Concrete. Mortar. Crushed Stone Gravel Gravel 
Various Cements. Various Cements. | Coarse Aggregate. | Coarse Aggregate. | Coarse te. 
1:2:34% by weight. 1:2 by weight. Various Mixes and Various Mixes and 
Seadsteasien. Consistencies. Consistencies. 


6x 12 in. Cylinders. 











| 2 x 4 in. Cylinders. 


6x 12 in. Cylinders. 














fe Various Mixes and 
| 


6x 12 in. Cylinders. 











Student Tests. 
6x 12 in. Cylinders. 











. 712 \. | 7 | 28 : 7 | 28 
Cement day | day Cement day | day Mix day | day 
A 1,650 3,130 : te 2,460 4,320) 1:1:2 | 2,740) 4, 
B } 2,110 3,460 B | 3,330) 4,850) 1:1:2 | 1,670) 2, 
Cc 2,180) 3,510 C 3,140} 5,050) 1: 14:3) 1,210) 2, 
D | 2,180) 3,700) D | 3,605] 4:800/1: 14:3) '820| 1,540 
E eso] 4,530 E 4,340) 6,000; 1:2:3 | 1,670) 2,7 
F " 3,680 F | 3,410) 5,120) 1:2:3 870) 1,620) 
x ise 
TABLE II.—TEsTS OF CONCRETE RECEIVED FROM HENDERSON, Ky., IN 1924. 
Number of Kind of Strengths 
Specimens Specimen 7 days 28 days 
| 6 x 12-in. cylinder 1,150 2,080 
l 6 x 12-in. cylinder 1,875 2,930 
l 6-in. cube 1,391 2,264 
l 6-in. cube 1,915 2,720 
| 6 x 12-in. cylinder 1,270 2,190 
] 6 x 12-in. cylinder 1,380 2,580 


*Data given in 
tions Between 
Water Contents,” 


Voids 
in Proceedings A. 8. 


paper by Frank E. 
and Plasticity of 
A 


Richart 
M., 


1922, 


and Edward E. 
Cement 


Mortars 
Vol, 22 


“am, 


at Different 
pp. 


Bauer on “Rela- 
Relative 
385-403, 











CONSTRUCTION OF THE WILSON DAM. 
By M. C. Ty Ler.* 


The Muscle Shoals of the Tennessee River, since the earliest days of 
our history, have been a serious obstruction to the navigation of the river. 
They are mentioned by George Washington in his diaries, during his first 
term as President, and described by him as a barrier against water trans- 
portation except downstream at high water stages; this at the time when 
settlers from the Carolinas were beginning to push west into the Tennessee 
Valley, and when movement of freight through the wilderness of Indian 
country except by water was practically impossible, 

The Muscle Shoals are situated about 125 miles south of Nashville, 
Tennessee, about 100 miles north northwest of Birmingham, Alabama, and 
about 140 miles east of Memphis, Tennessee. Florence and Sheffield, Ala 
bama, are located on the river at the foot of the Shoals. The distance by 
river from Chattanooga to Paducah is 460 miles and the fall is 343 ft. 
One hundred and four feet of this total occurs in the 18 miles just above 
Florence. 

Between 1887 and 1889, a lateral canal with nine locks was built 
around the worst part of the Shoals, which made navigation possible by 
light-draft boats both up and down stream for about six months of the 
year. 

The discharge of the Tennessee River at Florence varies between wide 
limits. The maximum flood of record is nearly 500,000 sec.-ft., while the 
lowest dry season flow is below 6,000 sec.-ft. On the average, there is an 
available water power of 245,000 K.W., or over, for 50 per cent of the 
time, and 500,000 K.W., or over, for 20 per cent of the time. 

With the growth of the electric power industry in Alabama the de- 
velopment of the fall of the Muscle Shoals for power purposes became 
economically feasible, provided it could be combined with a navigation 
project and the latter could bear its fair share of the cost; and provided 
further that the hydro plant, or plants, at Muscle Shoals could be tied in 
for operation with existing and new steam plants and hydro plants on 
other water sheds to the South. In 1916, in compliance with directions 
of Congress a report was submitted by the Corps of Engineers of the Army 
recommending the construction of three dams with locks, two of which, Nos. 
2 and 3, were to be power dams. Part of the cost was to be borne by the 
government and part by the Alabama Power Co. The power company was 
to install all power equipment at its own expense and to use all the power 
generated except the small amount required for operation of locks. 

While this report was under consideration an act providing for the 
construction of nitrate plants for the production of fertilizer in time of 
peace and nitrates for explosives in time of war, became law. Soon after, 


*Major, Corps of Engineers, U. S, Army. 
( 472 ) 
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the United States entered the World War and Muscle Shoals was selected 
as the location for two war nitrate plants, which were built, and one of 
which was in operation at the time of the armistice. The nitrate plants 
were located at Muscle Shoals because the raw materials, coal and coke, 
could he obtained nearby and the Tennessee River could be made to furnish 
hydro electric power, 

In 1918, and as a war measure, the construction of Dam No. 2 was 
begun, and was prosecuted until June, 1921, when for lack of funds work 


was suspended for over a year. In 1919 the Secretary of War ordered that 














ey - + — 








FIG. 1. LOCK, DAM AND POWER HOUSE FROM THE ATR, 


the dam be named “Wilson Dam.” Since 1922 the work has been actively 
pushed and except for minor items is now completed. 

The construction work has been done by hired labor and government- 
owned plant, administration of the work being in accordance with the laws 
and regulations governing the Corps of Engineers of the Army. The con- 
sulting and designing engineers are Hugh L. Cooper and Co., under a con- 
tract with the Chief of Engineers, U. 8S. Army. The consulting engineers 
have inspected the work for the Chief'of Engineers through a resident engi- 
neer and a force of inspectors on the job. Hydraulic and electrical equip- 
ment, spillway gates, lock gates, draw bridge, etc., have been purchased 
and installed by contract after competitive bidding. 
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The site of the work is in a rock gorge about 4,300 ft. between bluifs. 
The foundations are limestone in horizontal ledges, with seams generally 
tight. 

The locks are two in flight each with an available length of 300 ft., 
width of 60 ft. and lift of 4416 ft. The locks contain 78,000 cu. yd. 
of concrete. 

The spillway dam has its crest 79 ft. above the original bed of the 
river. Fifty-eight spillway gates 38 ft. x 18 ft. maintain the-lake level 








FIG. 2.—AERIAL VIEW OF WILSON DAM POWER HOUSE. 


18 ft. above the spillway crest. A concrete arch bridge crosses the dam 
and forebay structure and serves as a supporting platform for gate operat 
ing machinery and as a main trunk highway with a 20 ft. pavement. Seven 
hundred and thirteen thousand cubic yards of concrete were placed in 
the dam section. 

The forebay structure is in line with the dam. The powerhouse 
1,200 ft. long, contains wheel pits for eighteen main units or a total 
capacity when all units are installed of 610,000 H.P. The present installa- 
tion is eight main units, four of 30,000 H.P. and four of 35,000 H-P. The 
powerhouse section contains 524,000 cu. yd. of concrete. 

The switch house and oil circuit breaker buildings are situated at the 
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south end of the powerhouse on top of the bluff and house the switch 
boards and switching equipment. 

All masonry is massive in design. Steel reinforcement was used only 
in penstocks, draft tubes, powerhouse superstructure, switch house and oil 
circuit breaker buildings. 

Five bags of cement per cubic yard were used in all mass work except 
where reinforced and except in bridge piers, arches and parapets. Six bags 











FIG. 3.—-CONSTRUCTION OF THE LOWER LOCK, 


of cement per cubic yard were used in penstocks, scroll cases, draft tubes, 


buildings and bridge piers, arches and parapets. 


The total yardage of concrete is...... 1,316,000 eu. yd. 
Rast Cravens. os. oda ees ds 2b eax 734,000 “ 
ROCK GEPWUERIO: Gh. ii eke cl dlonesakus 690,000 “ “ 


Twenty-five pounds of hydrated lime per cu. yd. were used in all 
concrete, 

Transportation.—Rail transportation was within easy reach on both 
sides of the river, The work was handled in two divisions. One respon- 
sible for the locks and dam based on the north side of the river with rail 
connection to the Southern and L. & N. railways in East Florence, about 
two miles from the dam; the other responsible for the powerhouse section, 
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FIG. 4.—-EXCAVATION FOR HEEL TRENCH OF DAM. 














FIG. 5, POWER HOUSE SUPERSTRUCTURE UNDER CONSTRUCTION 
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based on the south side of the river with rail connection to the Southern 
Ry. in Sheffield, about four miles from the work. Each division had its 
own shops, air-compressor plants, railway yards, storage and warehouses 
and construction equipment. Twenty-nine miles of standard-gage railroad 
in connections to main lines, to the sand and gravel dock and in yards 
served the work. Standard-gage equipment was used throughout. 

Electric power at a low rate was available from the lines of the Ala 
bama Power Co. within a mile and a half of the south end of the dam. 
Power was delivered to two substations on the work at 13,000 volts, one 
on the south bank of the river and one on Jackson Island. From the 
Jackson Island substation a 13,000-volt line was carried four miles to the 
sand and gravel dock. Two thousand three hundred-volt feeders were led 
from the two substations to all parts of the work. Where voltage less 
than 2,300 was required, the 2,300-volt lines were carried as near the point 
of use as possible and there stepped down to the proper voltage. 

Generally speaking, all mixing plants and air compressors were oper 
ated at 2,300 volts; all construction cranes at 220 volts and lighting at 
110 volts. The main items of plant electrically operated were: 


7 Air compressors ..... .. 825 K.W. each 

‘3 MeMyler cranes . ; oo 606” 

7 Terry & Co, cranes yi ~ “ 

1 Mixing plant, 2 4-cu. vd. mixers 275 

3 Mixing plants, 2 2-cu. yd. mixers 125 

2 10-ton guy derricks ‘ 90 

2 Gantry cranes EF ehieKihs 06:9 dit ae 

1 Rock-crushing plant ............0s08 125 “ . 
BRNO ais nich tc toct = Sa letelee geass » awe. “ 


The maximum demand for any one month during the progress of the 
work was 2,700 K.W. and the power consumed ranged between three-fourths 
and one and one-fourth million kilowatt hours per month. 

All parts of the work were lighted by temporary electric lines, Flood 
lights were installed at points about the cranes and bluffs and were semi 
permanent, Others were moved from day to day as the work progressed. 
A stock of lead-covered, steel-armored cable of various capacities, was kept 
on hand. This was especially valuable where overhead lines would have 
interfered with cranes. 

Band saws, rip saws, drill presses and small pumps, all with indi 
vidual motors, were used about the work wherever needed. They could be 
moved at one lift by the construction cranes. During the entire period of 
the work not one fatal accident occurred from contact with eleetrie power 
or light lines. 

All electrical equipment proved highly reliable and time lost on ac- 
count of failures of power lines or electrical apparatus was negligible. 

Construction Bridge.—The dam was built from a construction bridge 
of concrete piers and steel girders carrying railroad tracks the full length 
of the dam. The bridge trackage connected with tracks on the south side 
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FIG. 6.-—-SCROLL-CASE FORM. 








FIG, 7.--DRAFYT-TUBE FORMS. 
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of the river over the downstream powerhouse cofferdam, so that for the 
greater period of the work rail connection between the two sides of the 
river was maintained. 

Nand and Gravel.-Coarse and fine aggregates were secured from the 
river by dredging on bars located from nine to eleven miles below Florence 
and twelve to fourteen miles below the work. Two cutter head, 15-in. pipe 
line dredges were used. The dredges discharged into the screens of a 
screening and washing barge lashed at the stern of the dredge. From the 
screen barge sand and gravel discharged by gravity onto deck barges. 

Barges were towed by stern-wheel river towboats from the dredges to 
the unloading dock at Florence. Here transfer was made to rail, since the 
river was too shoal to permit of reaching the work by boat. Two elec- 
trically-operated gantry cranes with 4-cu. yd. clam shells placed sand and 
gravel in bins from which 20-cu. yd. air-dump cars were loaded. From the 
dock sand and gravel was hauled direct to the various mixer plants and 
dumped, or to dump storage on Jackson Island. In low water the upstream 
towing was difficult, as only a 4%-ft. depth was available and currents 
were as swift as five miles per hour. Stockpiles were kept well built up 
during the high water season to avoid a shortage during the low water 
season when navigation was difficult. 

Four towboats and about twenty deck barges varying in capacity from 
200 to 400 cu. yd. were kept in service. The rate of delivery to the dock 
was about 2,000 cu. vd. per day. 

All concrete was transported in buckets carried on flat cars from the 
mixer to the placing cranes, Four-cubie yard and 2-cu. yd. buckets were 
used, two 4-cu. yd. or four 2-cu. yd. buckets to a car. Concrete trains 
were hauled by 25-ton and 40-ton saddle-tank locomotives. 

Klectric Cranes.—Seven electric cranes furnished by Terry and Co. 
operating from the construction bridge and on the downstream side of the 
dam placed the 700,000 cn, yd. in the dam. These cranes had the follow 


ing characteristics: 


Capacity—10 tons at 75-ft, radius, 

Travel speed-—100 ft. per minute. 

Hoisting speed-—66 ft. per minute at full load, 

Hoist motor—-75 H.P., 220 amp., 575 R.P.M. 

Travel motor-—52 H.P., 152 amp., 570 R.P.M, 

Swinging motor—22 H.P., 65 amp., 850 R.P.M. 

General Electric induction motors, variable speed, Lidgerwood 


hoists. 


In order to reach above the arch bridge and place concrete therein, 
a hammerhead was added to the booms and the load cut down from 4 eu. 
vd, to two, Also in some cases 100-ft. booms were substituted and 2-cu. yd. 
buckets handled. 

Three MeMyler cranes covered the powerhouse, two to forebay struc 


ture working on the upstream side and one to the draft tube and power 




















FIG. 8..—-FOREBAY AND SCROLL-CASE FORMS. 




















FIG. 9.—-CONSTRUCTION BRIDGE WITH TRAVELER MOUNTED CRANES, 
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house superstructure working from downstream. These cranes had the 
following characteristics: 


Capacity at 100-1, raditeic. . cis sc ceases 10 tons 
GConectty at SO-Ti; PGRIMG sss. 6 b5. ses. oe oleic »." 
220-volt Westinghouse induction motors, variable speed 
Hoisting ............ 100 H.P., 278 amp., 690 R.P.M. 
ES wipsea ood ie i 7. ee oe * 
Swinging ........ 6." oc" ee 


Travel speed—150 ft., hoisting speed at full load 100 ft. 
per minute. 


As soon as the forebay structure was up full height and a Terry crane 
could be spared from the dam, it was placed on top of the work, its track 
gage having been narrowed. Another Terry from the dam was transferred 
to the downstream side of the powerhouse structure. 

On the completion of the forebay structure one of the MeMyler cranes 
was taken down and re-erected in the lower lock. Another was taken down 
and re-erected on top of the bluff to cover the switch house and oil circuit 
breaker building and later the third McMyler was similarly placed. One 
hundred and fifty-foot booms were built on the work and substituted for 
the 115-ft. booms. With the long booms the cranes handled 2-cu. yd. 
buckets without any trouble. 

Mixing Plants.—Four main mixing plants were used. 

(a) One containing two 2-cu. yd. Lakewood mixers located upstream 
of the forebay structure. This mixing plant was at a low level and its 
work had to be completed before closure of the dam was very far along. 

Coarse and fine aggregate was measured in measuring boxes before 
discharging into mixer hoppers. Water was measured in measuring tanks. 


Cubic Yards 


The maximum daily output of this plant was... 1,432 
The maximum monthly output of this plant was 31,181 
Total output... . 55 ines daaiew KERR SES See 289,312 


(b) One containing two 2-cu. yd. Smith mixers located downstream 
of the tailrace excavation and within the powerhouse cofferdam. 


Cubie Yards 


The maximum daily output of this plant was... 1,248 
The maximum monthly output of this plant was 18,574 
PE MES 5 fie ne ink hina pee ad oa = wee 6 hee 116,522 


(c) Jackson Island plant containing two 4-cu. yd. Smith mixers. 

In this plant cement was dumped from sacks onto a belt conveyor and 
transferred to a bin in the mixer from which batch cars were loaded for 
dumping into mixer hoppers. 


Cubie Yards 
The maximum daily output of this plant was... 2,715 


The maximum monthly output of this plant was 46,698 
Total Outpt 2... ede scccnvascdenesenesecee 419,601 
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FIG. 10.—-CLEANING TOP OF CONCRETE PREPARATORY 


TO POURING 


NEXT LIFT. 








FIG. 11.—-WATER POURING OVER 








SPILLWAY CREST. 














CONSTRUCTION OF THE WILSON DAM. 483 


This plant also had in connection therewith a rock-crushing plant, one 
48-in. Allis-Chalmers gyratory crusher and four 14-in. secondary crushers 
with belt conveyors and screens. 

(d) North shore mixer plant, containing two 2-cu. yd. Smith mixers. 

Cubie Yards 


The maximum daily output of this plant was... 1,441 
The maximum monthly output of this plant was 25,454 
TE, SEE ons oik ssh nn 5. awa eS eae 187,142 


All main mixer plants except the first one described were equipped 
with bucket elevators for handling gravel and clam shell derricks for sand. 

(e) The small mixer plant for the construction of the switch house 
contained two %4-cu. yd. mixers operated by air. 

Forms.—As previously stated, each side of the river had its own car- 
penter shop, including motor-driven, wood-working machinery, and lumber 
storage. All forms were made at the shops where possible and were trans- 
ferred on car to the cranes for placing. 

All forms were very substantially built in order to maintain the lines 
of the work and were securely braced and rodded. Scrap pipe was used in 
great quantities for interior bracing. The penstock, scroll case and draft- 
tube forms were very complicated and required a high order of skill in 
fabrication. Tueir construction more nearly resembled that of boat build- 
ing or pattern making than the usual run of form construction, All these 
forms were built in sections or quadrants and the whole fitted together on 
the layout platforms. Sheeting generally was so laid as to be in the 
direction of travel of water in water passages. Sections of forms were 
handled from the loading platforms by locomotive cranes and loaded on 
flat cars and moved by rail to the construction cranes. 

Penstock forms were removable and were used over, some as many as 
five times. Scroll case and draft-tube forms from the nature of the work 
could be used but once. Panel forms for lock and dam were used over 
after repair until the faces were too bad for further use. 

At the height of the work (1923) about 150 carpenters and 125 
helpers were employed in carpenter shops, and 400 carpenters and 175 
helpers in erecting forms on the work. 

Placing Concrete.—All loose rock in excavation was removed and rock 
bottom thoroughly gone over with picks, air and water to remove any 
remainder of mud seams. Neat cement was spread over the rock and wet 
down before concrete was placed. Pours were generally 5 ft. in depth. 
Concrete was dumped from buckets and shoveled and booted into hori- 
zontal layers. Particular care was used to get good faces on all pours 
whether to be exposed or against other work. 

The top of each pour was broomed with wire brooms while still green. 
Before the next pour was placed, it was picked and blown with air and 
water to remove all laitance. 

Concrete was placed on three shifts in the powerhouse division. Dur- 
ing the period of closing the dam it was found advantageous to use the 
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construction cranes on the first shift for placing closure gates and stop 
logs and forms and to limit concreting to the second and third shifts. 
The maximum number of concrete placing gangs employed was twenty-six, 
consisting of 380 men, or an average of 14 or 15 men per gang. 

The maximum amount of concrete placed in any one month was 
71,900 cu. yd. in October, 1923. Concrete placing records by years were 
as follows: 


Cubic Yards. Cubic Yards. 
Bs eine aiciel b's 110,903 i) ae .... 409,788 
IES Oh Lica ra -0 doen 152,010 i Peres, | 
SR eras 72,445 | Sere 


Shut down from June, 1921, to September, 1922 


Cost of Concrete.—Costs of concrete in the various parts of the work 
were as follows: 


Unit Cost To Dec. 31, 1925. 





Description Field Overhead (Ine. 
Lock Concrete: 
DE. Sees a eee $1.64 $5.17 
ME Se 8k eee ek: 0.54 0.25 0.79 
se ee 1.05 0.49 1.54 
Crushed Rock ...... 0.08 0.04 0.12 
Plumatone ......:.. 0.02 0.01 0.03 
MT Sa tee eos 1.05 0.49 1.54 
ME san cca tees 0.70 0.33 1.03 
Meera sinc cn ae? 0.87 0.41 1.28 
Form Building ..... 0.63 0.29 0.92 
Form Erection ...... 2.02 0.95 2.97 
Form Removal ..... 0.29 0.14 0.43 
Total per Cu. Yd..$10.78 $5.04 $15.82 
Dam Concrete: 
ee are ara $3.22 $1.50 $4.72 
ES os hci Ra ea be 0.59 0.28 0.87 
aa", dabie a ome es 1.05 0.49 1.54 
Crushed Rock ...... 0.17 0.08 0.25 
Pramatone: .....%.-% 0.00 0.00 0.00 
a 0.80 0.37 1.17 
NE Sika» Sigs died 0.36 0.17 0.53 
PR Ss. so onea cee : 0.70 0.33 1.03 
Form Building ..... 0.61 0.29 0.90 
Form Erection ..... 1.28 0.61 1.89 
Form Removal ..... 0.22 0.10 0.32 


Total per Cu. Yd.. $9.00 $4.22 $13.22 
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Total 
Description Field Overhead (Inc. Overhead) 
Bridge Concrete (Arches): 
ER nse crac a Sm he $3.58 $1.68 $5.26 
PEE ic inn ang oe ces 0.46 0.22 0.68 
RE. hon .aka. «2 + cased oe 0.51 1.60 
ees 0.50 1.56 
ES 555.3 \o's 0.63 0.29 0.92 
tee FS 0.71 2.23 
Form Building ..... 2.65 1.24 3.89 
Form Erection ..... 5.16 2.41 7.57 
Form Removal ..... 1.31] 0.6) 1.92 
Total per Cu. Yd..$17.46 $8.17 $25.63 
Mass Concrete, Powerhouse: 
Cement 
Sand 
Gravel 
Crushed Rock 
A Laie 2 $4.90 $2.29 $7.19 
Plumstone ......... 0.01 0.00 0.01 
SM, hc wig Wied da a 0.72 0.34 1.06 
RA ny ere 0.43 0.21 0.64 
SN bo cadale-s, ec 0.82 0.38 1.20 
Form Building ..... 0.83 0.39 22 
Form Erection ..... 1.37 0.64 2.01 
Form Removal ..... 0.35 0.16 0.51 
Total per Cu. Yd.. $9.43 $4.41 $13.84 
Mass Reinforced, Powerhouse: 
ore $3.70 $1.73 $5.43 
a Ae eee 0.27 0.85 
ea 1.14 0.53 1.67 
Crushed Rock ...... 0.10 0.05 0.15 
Plumstone ......... 0.00 0.00 0.00 
rae jos Sa 0.49 1.53 
i Arr re 0.67 0.31 0.98 
Sa eee 1.30 0.61 1.91 
Form Building ..... 3.30 1.54 4.84 
Form Erection ..... 2.43 1.14 3.57 
Form Removal ..... 0.62 0.29 0.91 
Total per Cu. Yd.. $14.88 $6.96 $21.84 
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Description 


Reinforced Powerhouse Section: 
ce Fees $3.69 
ee eet 0.52 
yanlgea a2 a 1.25 


ome ders 0.00 


Cement 


sss. bs 
Gravel ..... 
Crushed Rock 
Plumstone 


Mixing 
Hauling 
Placing 


Form Building 
Form Erection 
Form Removal 


Total per Cu. 


Switch House: 


Cement 


re 
Gravel ..... 
Crushed Rock 
Plumstone 


Mixing 
Hauling 
Placing 


Form Removal 


Field 


avec 0.00 
Thee ere 0.00 


1.62 


1.44 


ive we ee 6.94 
Form Building 
Form Erection 


Bir ane 22.54 


hac 10.95 
bls 2.18 


Total per Cu. Yd..$51.13 


Powerhouse Superstructure: 


Cement 


Pa 
re 
Crushed Rock 
Plumstone 


Mixing 
Hauling 
Placing 


Form Building 
Form Erection 
Form Removal 


Total per Cu. 


bw bom 0.00 
ee eee 0.00 


Yd. . $42.06 


Overhead 


$1.73 
0.24 
0.58 
0.00 
0.00 
1.03 
0.69 
1.63 
3.43 
3.84 
0.87 


$14.04 


$1.70 
0.25 
0.60 
0.00 
0.00 
0.76 
0.67 
3.25 
10.55 
5.13 
1.02 


$25.03 


$1.69 
0.21 
0.56 
0.00 
0.00 
0.79 


Oo D 


3 66 
1Ney 71 


1.74 
0.96 


*19.68 





DAM. 


Total 
(Ine. Overhead) 


$5.42 
0.76 
1.83 
0.00 
0.00 
3.24 
2.16 
5.11 
10.76 
12.038 


2.73 


$44.04 


$5.34 


O70 


0.00 
0.00 
38 
1! 
10.19 
33.09 
16.08 

3.20 


to te 


$75.06 


$5.31 
0.65 
0.76 
0.00 
0.00 
2.48 
2.45 
8.62 
22.58 
14.87 
3.02 


$61.74 
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Nore: The unit prices given above are subject to slight revision 
downward depending upon the amount received from sale of plant. 

The total cost of the work will be slightly under $46,000,000 for the 
eight-unit installation, exclusive of step-up transformer stations, for which 
an appropriation of $2,000,000 is pending in Congress. The estimated 
value of the navigation improvement is $9,000,000, so that the completed 
eight-unit installation of 230,000 K.V.A. will involve an investment of 
$39,000,000. 











CoNTROL OF M1IxTURE AND TESTING OF WILSON DAM CONCRETE. 
By Joun W. Hatu.* 


The building of Wilson Dam involved the placing of approximately 
1,350,000 cu. yd. of concrete. This concrete was mixed at central mixing 
plants, dumped into concrete buckets which were on flat cars, and con- 
veyed by railroad to the various parts of the work, where it was deposited 
in the forms by cranes or derricks. The buckets used for depositing the 
concrete were of the bottom dump type and were, for the most part, either 
of 2- or 4-cu. yd. capacity. The inspection of all concrete work was per- 
formed by representatives of Col. Hugh L. Cooper, consulting engineer of 
this work, who had charge of the design and supervision of installation 
of all work on this project, including concrete and installation of all 
equipment. 


SPECIFICATIONS. 


That portion of the specifications prepared by Colonel Cooper which 
particularly relates to the concrete work is as follows: 

1. Each cubic yard of concrete shall contain five bags of standard 
portland cement, with the following exceptions: concrete to be placed in the 
power house superstructure, all reinforced-concrete work, arches in the 
main dam, and piers in the main dam above I. 483, which concrete shall 
contain six bags of cement per cubic yard. 

2. Hydrated Lime.—Each cubic yard of concrete shall contain 25 Ib. 
of hydrated lime. If supply of lime is not available, one-half bag of 
cement shall be added, per cubic yard of concrete, to the cement already 
being used. 

3. Aggregate.—The proportions of sand and broken stone or gravel 
will be determined by the resident engineer by a cube measurement of the 
voids in the broken stone or gravel. The quantity of sand to be mixed with 
the five bags of cement «will be such quantity as will yield for each cubic 
yard of concrete, 15 per cent more mortar than will be required to fill the 
voids in the broken stone or gravel. Twenty-five cubic feet of stone shall 
be used per cubic yard of concrete. Measurements of sand and broken 
stone or gravel will be by volume, and when said volumes are determined, 
their uniform use will be assured by proper measuring boxes or spouts in 
the mixer, so designed and operated as to guarantee correct quantities to 
each batch. If gravel aggregate is used, the sand in the same will be 
screened out and the gravel remaining will be measured and treated as 
broken stone. 


*Resident Engineer, Hugh L. Cooper & Co., Florence, Ala. 
(488 ) 
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4. Sand.—The sand used shall be free from vegetable matter, lumpy 
clay, or other foreign matter injurious to the permanent mortar. The sand 
may vary widely as to fineness and may contain not to exceed 7% per cent 
of well distributed clay. 

5. Broken Stone.—Broken stone will be crushed to sizes that will pass 
a 31%4-in. diameter ring. Crushers will be equipped with a revolving or 
other form of screen system that will separate entirely the crusher dust 
from the broken stone, and convey the dust to a separate bin from where 
it will be wasted. 














FIG. 1.—TYPE OF DUMP-BOTTOM RUCKETS USED IN DEPOSITING CONCRETE. 


6. Miaing.—Mixer drums will revolve a minimum of 12 revolutions 
or until the mortar is of a uniform color throughout. Minimum time of 
mixing concrete, 2 min. for the 2-yd. mixers, and 24% min. for the 4-yd. 
mixers, fine sand may require a longer period. 

7. Quantity of Water.——The quantity of water for each batch will be 
that minimum quantity required by the standard quaking test for freshly- 
mixed concrete. On this work, this quaking test will require that men 
dumping concrete buckets do not track deeper than 10 in. nor less than 
2 in. in freshly-mixed concrete. 

8. Placing (A).—Concrete will be dumped as soon after mixing as 
possible and no concrete will be placed aficr initial set has occurred. Simi- 
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larly, no concrete will be placed on concrete that has not set sufliciently to 
bear the new concrete without deformation of any kind. 

9. Placing (B).—Thickness of courses will be a minimum of 4 ft. 
wherever possible, and as much greater than 4 ft. as economy of forms will 
permit. Maximum depth of concrete courses in general 6 ft., unless speci- 
fied by the resident engineer. 

10. Temperature.—When ambient temperatures are above 90 deg. F., 
all green concrete will be protected with tarpaulins during the times of 
excess heat, and be wetted for 48 hours after placing. 

1l. Rate of Deposit.—The rate of deposit of concrete shall in no case 
exceed the capacity of the concrete crews to distribute the concrete prop 
erly and to spade and fork the surfaces thoroughly. 

12. Expansion Joints.—Vertical expansion joints between apron sec 
tions and main dam and between all longitudinal sections of main dam and 
power house and lock walls, will occur as shown on the plans. These 
expansion joints will be effected by the use of 36-in. wide standard building 
tar paper. When the temperature is below 40 deg. F., three thicknesses 
of tar paper will be placed on the periphery of the permanent faces to be 
concreted against. When the ambient temperature is below 40 deg. F. and 
80 deg., use two thicknesses, and when above 80 deg., use one thickness of 
tar paper. Gray felt will be used in place of tar paper in expansion joints 
above water level. 


OPERATIONS, 


Concrete Aggregate.—-At least 95 per cent of the sand and gravel used 
for concrete work was obtained by dredging in the river about nine miles 
below the site, at Buck Island. The gravel and sand thus obtained were 
separated by revolving screens, and transported to the work separately. 
A certain amount of coarse aggregate was obtained by crushing the lime 
stone rock excavated in preparation of foundations. 

One department of the Hugh L. Cooper & Co. inspection force con 
sisted of a thoroughly-equipped testing laboratory, wherein all ingredients 
entering into the concrete were properly tested. The gravel and sand were 
tested for clay or silt, and organic matter. The sand was also tested for 
tensile strength. In addition to this, a sieve analysis of the sand and 
gravel was made from time to time, particularly whenever the dredge 
moved to a new location. Table I shows the sieve analysis of the Buck 
Island sand, and Table II shows the sieve analysis of the Buck Island 
gravel. The moisture in the sand at the mixing plant varied from 4.1 per 
cent to 6.7 per cent by weight. The weight per cubic foot of sand averaged 
106.9 lb. The moisture in the gravel at the mixing plant varied from 
4.7 per cent to 6.6 per cent by weight. The weight per cubic foot of gravel 
varied from 90 to 97 Ib. Some fine aggregate of size not to exceed | in. 
was needed in reinforced work, and this was obtained by a special screen 
at the dredging plant. 
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The cement used in this project was tested twice: First at the mill by 
a representative of the Bureau of Standards or a private testing labora- 
tory, and second, in the Hugh L. Cooper & Co. laboratory at the job. In 
testing the cement at the latter laboratory, Buck Island sand was used in 
making |: 3 briquettes and comparisons were made from time to time with 
1: 3 briquettes made from the same cement using Ottawa sand. This gave 
a comparison of the relative merits of the Buck Island sand with standard 


TABLE I.—SrevE ANALYSES OF Buck ISLAND Sanp. 


Amount Coarser Than Each Sieve (per cent by weight) 


























Sample Date of : — " Sapa annan teenie aw tom ae \aerenene Fineness 
No | Sample | | | Modulus 

100-mesh 48-mesh 28-mesh 14-mesh 8-mesh 4-mesh 
Z-181 7-25-24 97.7 | 85.1 | 43.5 2.9 | 16.3 5.7 275.2 
7-190 8-15-24 99.7 88.7 50.0 34.5 | 24.0 8.5 305.4 
7-225 9-12-24 | 98.5 88.3 44.7 29.7 20.1 8.1 289.4 
1-235 9-20-24 98.4 89.9 | 56.6 38.4 23.5 | 7.8 316.6 
Z-250 | 11-20-24) 98.2 85.8 | 44.7 30.3 oe ee 277.0 
7-260 | 12-924] 97.8 85.0 | 46.3 31.8 22.0 9.8 | 292.7 
7-270 12-22-24 | 99.0 83.0 | 36.5 21.8 14.0 4.5 | 258.8 
1-277 1- 3-25 | 98.9 87.4 | 40.4 24.3 15.8 6.0 | 272.8 
7-294 1-22-25 | 99.3 89.5 | 47.1 31.6 | 2.1 12.5 | 308.1 
2-308 2- 2-25 | 98.8 91.1 | 63,0 42.1 | 28.0 4.5 | 340.5 
7-817 2- 7-25 99.2 89.7 | 45.5 30.5 | 21.4 90 | 204.3 
Z-322 2-12-25 9.1 | 87.5 | 42.5 28.0 9.3 ih aeRO 
7-351 3-10-25 | 97.8 | aio 1 33s 18.8 12.2 5.4 | 245.1 

| | 
Tasie II.—Sieve ANALYses oF Buck ISLAND GRAVEL. 
| Amount Coarser Than Each Sieve (per cent by weight) 

Date of AE A LS VE KEG WEES: “eee. w wes 
Sample | | | i _ | Modulus 
|100-mesh | 48-mesh Pope igs 8-mesh | 4-mesh | %¢-in. 34-in. | 1)4-in. 

| | | 
3-19-24 | | 97.4 | 96.3 | 82.3 54.8 35 Si 
6-12-24 | { ere a 98.0 87.3 70.% ; 
6-21-24 | ee a , 94.3 | 76.2 68.1 rf 
6-21-24 | = 91.1 81.5 | 51.0 13.4 0.0 
6-27-24 ets 99.6 84.6 | 54.5 | 28.4 0.0 | 
§~12-24 | pc) te ast og neR 65.2 | 58.5 42.8 9.4 | 
"1-24-25 | 100 | 100 100 | 100 100 99.8 | 87.9 24.5 0.0 712.2 
1-31-25 | 100 100 | 100 | 100 100 | 99.6 | 99.6 95.1 46.3 840.6 
2-425 | 100 100 100 100 | 100 | 99.8 98.3 48.7 4.2 751.0 
2- 7-25 100 100 | 100 | 100 | 100 99.6 99.3 89.9 28.3 817.1 
| | 











* Specially graded for use in reinforced concrete where maximum size gravel could not exceed 1 in. 


Ottawa sand. Also, by using Buck Island sand for all tests in the labora- 
tory, a comparison was made with the mortar briquettes made from the 
concrete deposited in the work. Our tests showed that the Buck Island 
sand tested at 380 Ib. in 7 days, as compared with 301 Ib. for the Ottawa 
sand, and in 28 days the Buck Island sand tested at 485 lb., as compared 
with 377 lb. for Ottawa sand. In other words, the Buck Island sand 
tested 26 per cent stronger than the standard Ottawa sand in 7 days, and 
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29 per cent stronger in 28 days. The cement was stored in bags in ware 
houses near the mixing plants, and this cement was used before it became 
four months old. In any case where cement had stood in the warehouse 
for a period of more than four months, this cement was re-tested and used 
only provided it proved satisfactory. 

Miwing.—The mixing of the concrete was accomplished in the usual 
manner, using the volumetric method of measuring the sand and gravel. 
Both sand and gravel were measured in hoppers which were properly grad 
uated, to provide the number of cubic feet of sand or gravel desired. Five 
or six bags of cement were added per cubic yard, depending upon where the 
concrete was to be deposited. The control of the mixture was at all times 
under the direction of an inspector representing Hugh L. Cooper & Co., 
who designated the proper amount of sand and water to be used in the 
mix. This inspector made void tests at frequent intervals throughout the 
day, to determine the voids in the coarse aggregate, and varied the amount 
of sand accordingly. The sand and gravel bins were replenished by a con 
veyor, sometimes from the stockpile, and sometimes from dump cars imme 
diately after arrival at the mixing plant. The quantity of water contained 
in the sand varied, dependent upon weather conditions and also upon the 
length of time which had elapsed from the time of dredging the sand to 
the time of deposit in the bins. The void tests of the sand therefore would 
vary considerably. To determine accurately the voids in the sand, a series 
of laboratory tests were conducted from time to time, and the voids in 
the Buck Island sand were found to run very uniformly at 34 per cent. 
The sand therefore was assumed by the inspector to have 34 per cent voids, 
thus eliminating the necessity of making a void test on the sand. This per- 
centage was verified from time to time by laboratory tests, and no varia- 
tion was found in the voids greater than 2 per cent, and in most cases this 
variation was much less. 

The amount of water used in the concrete was under the direction of 
the inspector stationed at the point of placing the concrete, within the 
limits of the specifications. The inspector at the point of placing in- 
structed the inspector at the mixer regarding the consistency of the mix- 
ture, and the inspector at the mixer regulated the amount of water to 
provide the consistency desired. The amount of water was measured 
for each batch, and this amount was varied to produce the proper 
consistency. In the hoppers also, the inspector at the mixer varied the 
amount of sand in accordance with the void tests on the gravel, and also 
allowed for the bulk of the sand when it was moist. At all times during 
the mixing of the concrete in the mixer, the inspector was able to look 
into the drum by means of a flood light, enabling him to observe the con- 
sistency of the mixture. This method of control of the mixture places the 
full responsibility for obtaining concrete that would meet the requirement 
of the specifications on the inspector at the point of placing. This method 
also permits those higher in authority from time to time to observe the 
quality of the concrete, particularly as regards the consistency, by noting 
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the depth to which the men track when working the concrete. A certain 
amount of shoveling of the concrete was necessary at the point of deposit, 
but for the most part the concrete was leveled off by a crew of men tramp- 
ing and walking in the concrete. 

In placing concrete in the larger areas, the 4-yd. bucket was used quite 
extensively. The 2-yd. bucket was used when depositing concrete near the 
forms or in other restricted areas. It has been found on this work that 
the 2-yd. bucket is the most efficient. The 4-yd. bucket presents a more 
difficult task in leveling off concrete and in thoroughly mixing it with the 
concrete already in place. The larger bucket, when depositing, leaves a 

















FIG, 2.-—CREW SPREADING CONCRETE SHOWING DEPTH TO WHICH MEN TRACK 
WHEN WORKING THE CONCRETE, 


cone of concrete which is too high, and one is never certain that the bottom 
central portion of this cone is thoroughly mixed except by leveling off this 
cone of concrete with shovels which takes considerable time. 

The distance of transportation of concrete by railroad from the mixing 
plant to the point of placing was in some cases at least a half-mile, and 
some difficulties were encountered in the early part of the work because of 
the vibration in transit, causing the gravel to sink to the bottom of the 
bucket and the sand and cement to come to the top. This difficulty was 
overcome by adding 25 lb. of hydrated lime per cubic yard of concrete. 

Mortar Tests.—In order that complete strength information might be 
had, tests were made of the concrete after it had been deposited. These 














494 TESTING OF WiLSON DAM CONCRETE. 


tests were accomplished as follows: At least once a week, samples of de- 
posited concrete were made into briquettes to be tested for tensile strength, 
and also into 6x 12-in. cylinders to be tested for compressive strength. 
Paper cartons were used for molding the cylinders. A sufficient number of 
briquettes and cylinders were made on each of these occasions to permit 
carrying these tests on over a period of five years. The briquettes were 
tested in the Hugh L. Cooper & Co. laboratory on the work, and the cyl- 
inders were sent to the Bureau of Standards for test. Table IIT shows a 
portion of the individual tests. Table IV shows the average of concrete 


Taste III.—Svuccesstve Tests MApE SHOWING THE COMPRESSIVE STRENGTH 
oF WiLtson Dam CoNCRETE AND THE CORRESPONDING 28-DAY TENSILE 
STRENG@PH OF THE Mortar BRIQUETTES MADE FROM THE SAME CONCRETE 
Batcu. 

(Six bags of cement were used per cu. yd. of concrete in the tests below.) 


Compressive Strength (Ib. per sq. in.) | Tensile Strength 











| —_—_——— ———| ortar 
Date of Test | Briquettes 
28 days 3 mo. 6 mo. 1 year | (lb. Je da. ra m.) 
| a 
a Se ee 3,328 3,629 3,343 515 
Mita diss « iF anima id SIS | 2,089 2,723 2,389 2,265 411 
RANGEL 5 Ce na game 1,906 2,542 2,419 2,199 | 435 
ES Rl 1/518 2/004 1963 | 20014 350 
WORM 5 « Shas Aigcae cs 2,954 3,724 3,235 3,463 | 459 
WG 5528); cteeeabv sess sie... eee 3,059 3,115 2,909 500 
B+ Olies.- 0adeess isvenasieasal 2,532 2,700 2,733 471 
99-GIE at. Haas ae». oa | 2,423 2,963 2,904 2,516 | 461 
1-17-24 | 1,708 2,496 2,235 2,515 501 
1-30-24....... 2,082 2,948 3,326 3,453 | 408 
3- $24. 2,855 3,178 3,857 4,043 | 431 
I cis Soscs sp'05aco)0i0 2,595 3,320 3,323 3,606 | 469 
3-22-24. 2,103 2,683 3,012 3,027 345 
° ARSC acansepees | 1,706 2,356 2,787 3,468 402 
4- 9-24... 3.224 | 4,082 | 4,049 | 4,863 | 610 
4-23-24. 2,749 | 3,401 | 3,809 | 4,061 | 470 
a, 3,006 | 3801 | 4,275 5,176 | 543 
|<) eee | 3,094 | 3,886 4,221 4,770 559 
§-13-24........ ATS | 3,164 | 4,014 5,027 4614 523 
-10-84........ ie 3,783 | 4,461 5,395 4.200 544 


samples taken over a period from March 1923 to December 1924. The 
summary of Table IV shows for the 5-bag mix a gradual increase in the 
compressive strength from 1,613 lb. per sq. in. at 14 days to 2,645 Ib. at 
six months, with a slight decrease to 2,631 lb. at one year. For the 6-bag 
mix over this same period, compression tests show a gradual increase from 
2,137 Ib. per sq. in. in 14 days to 3,351 lb. per sq. in at the end of one 
year. 

In regard to the tensile briquettes for this same mortar, the 5-bag mix 
ture shows an increase from 303 lb. per sq. in. at 7 days to 479 Jb. at three 
months, with a slight decrease to 472 lb. at six months and another de 
crease to 454 lb. at one year. For the 6-bag mix, the tensile briquettes 
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show an increase from 384 lb. at 7 days to 533 lb. at three months, with 
a slight decrease to 504 lb. at one year. 

The proportions of our standard mixed concrete average as follows: 
or the 5-bag mix, | part of cement to 2% parts sand to 5 parts gravel; 
for the 6-bag mix, | part of cement to 1% parts sand to 4% parts gravel. 

To show the effect of excess water in concrete a number of tests were 
made using our standard mix as a basis. Table V shows test No. 1 as our 
standard mix. Test No. 2 was the driest mix that could be used, and 
tests 3 and 12, ine., were made adding 5 per cent more water in each case, 
beginning with test 3, so that test 12 had the wettest mixture which had 
the consistency of a liquid. You will note that Table V shows that the 
compressive strength decreased with the addition of water. Our standard 
mix produced 3,559 lb. per sq. in. compressive strength at the end of one 


Taste IV.—Recorp or Tests or ConcRETE PLACED FROM Marcu 1, 1923, 
To Ocr. 9, 1924. 
25 Ib. of hydrated lime was used per eu. yd. of concrete.) 








| 
,613| 2,007] 2,523] 2,645| 2,631 185 | 303| 398| 452| 
37| 2,560] 3,154] 3,343] 3,351] 220 | is 430} 505 


Compressive Strength } | Tensile Strength 
in lb. per sq. in. of Mortar Briquettes 
Cylinders broken by in Jb. per sq. in. 
Amount Bureau of Standards, Briquettes made in the 
of No. of No. of Washington, D. C. No of manner described in 
Cement | Concrete, Cvlinders | Briquettes | the test 
Added | Batches | , Tested j __.| Tested pe See OS 
per | Sampled for Each for Each | . ; 
cu. yd. | Average Age of Cylinders Average Age of Cylinders 
Concrete 
is 2 =: Sa 
4) 2] 3 | 6/1 7}14)/28/3/)6)]1 
da. | da. | mo. = mo. | yr. da. | da. | da. | mo. mo. | yr 


5Sbags | 37 


479| 472) 454 
6 bags 44 


ee 512) 504 





year, and the wetter mixes in general showed gradual decreasing strength 
us the water ratio was increased, until test 12 gave a compressive strength 
of only 1,521 lb. The type of concrete used at Wilson Dam prohibited the 
placing of concrete by means of spouting, in fact it was necessary, in 
accordance with Colonel Cooper’s specifications, to use the bucket method 
of placing of concrete, and hand shoveling when direct dumping from 
buckets was impossible. 

Cleaning Old Conerete Surfaces,-The cleaning of each concrete sur- 
face before depositing the next layer is very important, and this was 
accomplished by removing the laitance and other undesirable material 
to a depth of from % to 2 in. It was found advantageous to remove 
a considerable portion of this laitance when the concrete was about twelve 
hours old by brushing the surface with push brooms. This removed the 
soft greasy laitance without disturbing any of the gravel, but was only 
effective when the concrete was green enough to be affected by the broom 
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and still not suffer deformation from men walking on it. After the con- 
crete had become set sufficiently so that picks could be used the surface 
was gone over and any laitance not removed by the brooms was picked 
off. The method of testing the old concrete surface to determine if all 
the laitance had been removed was found to be best accomplished by 
moistening the fingers and then rubbing on the surface of the old con- 
crete. If the laitance had been removed, the surface thus rubbed would 
present a gritty, rough touch to the fingers, but if any laitance was still 
present, a greasy or slippery feeling could be detected. 

Very little trouble was encountered on this work because of frozen 
concrete, as the weather conditions in Alabama during the greater portion 
of the year are suitable for concrete work, occasional 


it being only at 


TABLE V.—SrrRENGTH OF CONCRETE WITH DIFFERENT QUANTITIES OF WATER. 


(Experimental batches—hand mixed; mix 6: 914: 25.) 
(No hydrated lime was used in this series of experiments. ) 














Percentage of | Water Ratio. | Total Amount Compressive Strength 
Water Based Volume of of Water (Ib. per sq. in.) 
Test No. | on Weight Water to in gal. per 
of Dry Volume of cu. yd. of —_ if _ 

Ingredients Cement Concrete 28 days 3mo. | 6mo 1 year 
2 8.56 0.899 40.80 2,640 3,229 3,359 3,458 
1 8.95 0.955 42.85 2,165 2,986* 3,070 3,559 
3 9.22 0.976 43.95 2,285 2,650* 2,954 3,481 
4 9.46 1.01 45.35 1,906 2,680 2,672 3,218 
5 9.88 1.05 47.13 2,128 2,501 3,013 3,236 
6 10.30 1.096 49.3 1,886 2,366 2,705 3,006 
7 10.75 1.142 51.42 1,931 2,392 2,733 2,864 
® 11.20 1.194 53.56 1,875 2,418 2,679 2,684 
9 11.64 1.241 55.70 1,629 1,967 2,403 2,430 
10 12.09 1.292 57.85 1,307 1,653 1,729 2,115 
ll 12.38 1.317 59.20 1,316 1,546 1,594 1,784 
12 12.85 1.38 61.45 1,048 1,280 1,497 1,521 


























* Four breaks were averaged as one specimen was faulty. All other results in strength are the average 
of five 6 x 12-in. cylinders. 


Norz.—The cement used in the tests passed the specifications of the A:.erican Society for Testing 
Materials in all respects. The 7-day tensile strength of its 1:3 cement sand briquettes was 266 Ib. per sq. in., 
the 28-day test 384 Ib. per sq. in. 


intervals during the winter that the thermometer goes below 32 deg. F. 
On such occasions freshly-placed concrete was protected over-night and 
thereafter for a period of 24 to 48 hours by covering with canvas and 
using salamanders or steam lines. In any case where the surface of old 
concrete or rock surface on which concrete was to be deposited showed 
indications of being very cold or had ice on it which would prevent a good 
bond of the concrete, this surface was cleaned and warmed by a jet of 
live steam. 

Bonding Concrete Courses.—Before depositing concrete on any new 
surface the older surface was grouted with a thin layer of neat cement 
grout thoroughly brushed into the old surface by wire brooms. The 
surface of concrete being deposited was kept as nearly level as possible 
and the concrete was spread so as to keep the surface fresh at all times. 
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Expansion Joints.—In order to obstruct the flow of water through 
any of the vertical expansion joints or through any horizontal construc- 
tion joints, key boxes, 10 in. deep by 20 in. wide, were placed vertically 
in the expansion joints and horizontally in the surface of each completed 
area of concrete. 

Permeability.—In order that information might be obtained concern- 
ing the permeability of the concrete, flat cylindrical specimens 14 in. in 
diameter and 4% in. high were made from the concrete actually placed. 
These were cured in moist air for a period of from 30 to 60 days and 
then tested by applying a 100-lb. hydrostatic pressure on the 6-in. diameter 
interior surface area for a period of 40 hours. Table VI shows the aver- 
age of several permeability specimens. It will be noted from this table 
that increasing the amount of cement made the concrete more dense and 
permitted less water to penetrate the concrete. 


TasBLe VI.—PERMEABILITY OF W1Lson Dam CONCRETE. 


(Tested at 101 lb. per sq. in.) 











7 | 
Average Results in Permeability ; 
Amount of No. of No. of Age of in cubic centimeters Permeability 
ent | Batches of | Specimens | Specimens = 6@. 
Ly ew yd. Concrete Tested | when Tested j | Pag . ft. 
S 
of Concrete | Sampled 10 br. | 90 hr. | 30 hr 0 br ‘or 40 hours 
tor | 8] SCL Seedmest kee | came | 1 baa 2.81 
6 bags* oe 5 1 to 4 mo. 693 989 | 1,230 | 1,414 1.91 
6% bagst 5 5 1 to 4 mo. 540 847 1,088 1,277 1.72 
| | 











* Twenty-five lb. of hydrated lime admixture was used for each cubic yard of concrete. 
t No hydrated lime was used. 





Temperature Conditions in Concrete——In the main structure of the 
dam, vertical expansion joints were carried from the rock foundation up 
to the top of the structure, so that at no point would the distance between 
expansion joints be greater than 46 ft., and in many cases the distance 
was less than this. 

As the expansion and contraction of the concrete is affected by the 
temperature conditions existing in the mass, it was decided to investigate 
the temperature conditions by means of thermometers placed in the mass 
concrete. Electrical resistance thermometers were embedded in the con- 
crete of one section of the dam, to determine the maximum temperature 
reached by concrete in the process of curing, and also to determine the 
length of time required for concrete to lose the effect of the heat caused 
by chemical action of the cement. In addition to this, information will 
be obtained showing the effect of seasonal changes in temperatures on 
the expansion and contraction of the conerete. The record being obtained 
from these temperature tests is not yet complete and therefore only gen- 
eral deductions can be made at the present time. 
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This equipment consisted of : 

One resistance thermometer indicator; 2 dial switches of 24 puints 
each; and 49 resistance thermometers with lead-covered leads. 

The cost was approximately $1500, 

The degree of sensitivity permits the temperature to be read to \% 
deg. F. 

The resistance bulbs were placed in two vertical planes, one on the 
center line of the block, and the other 6 ft. from the expansion joint. 
Twenty-four thermometers were placed in each of these sections. 

In all cases the thermometers were placed before the concreting was 
started in the lift in which they would be embedded. A hole was drilled 


\ 








VIG. 3.—~TYPICAL ARRANGEMENT OF KEY BOXES IN PIERS OF SPILLWAY SECTION. 


into the concrete of the previous lift and a rod grouted into this hole. 
The thermometer was shoved through a 5-ft. length of “%-in. steel 
conduit, so that the thermometer bulb projected about 4 in. out of the 
lower end of the conduit. The excess lead-covered cable was coiled at the 
upper end of the conduit. The 5-ft. length of conduit was then wired to 
the vertical rod, so that the thermometer bulb was at its proper elevation. 

After the concrete had been placed and set, the conduit projecting 
above the concrete was then bent over and connected to the group of 
conduits leading vertically from the inspection tunnel in the body of the 
dam, where the switchboard and indicator were installed. This method 
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proved very satisfactory, as all 48 thermometers were installed without 
injuring in any way the thermometers or lead-covered leads. 

Thermometers No. 7 and No. 31 were placed in recesses on the up- 
stream face of the dam, to record the temperature of the water at different 
depths. 

The scope of this report does not permit of detailed description of the 
action of each thermometer, but a study of the plates will give a con- 
siderable amount of information. Some of the general points of interest 
are: 

Thermometers placed in the rock foundation 8 ft. below the concrete 
showed a gradual rise in temperature from about 67 deg. to 81 deg. F. 
during a period of about five months. Thermometers located 1 ft. from 
the surface showed a rise from 50 deg. to 83 deg. F. in five days, and 
then a fall to 43 deg. in 30 days, after which the temperature increased 
and decreased with the ambient temperature. 

Thermometers located 2 ft. from the surface showed a rise of tem- 
perature from 64 to 82 deg. in 24 hours, and then a fall to 73 deg. in 
three days, at which time a new layer of concrete was placed and the 
temperature rose again to 86% deg. in five days and then gradually fell 
till the temperature reached 5614 deg. at the end of two months. 

Thermometers located 9 ft. from the surface, showed a rise in tem- 
perature from 63 deg. to 79 deg. in two days and then a fall to 70% 
deg. in three days, when a new layer of concrete was placed, excluding 
the effect of the ambient temperature. The temperature then rose to 
100 deg. in eleven days, after which it gradually decreased, reaching 76 
deg. at the end of three months. 

When a layer of concrete was placed, the thermometers were located 
| ft. helow the surface, consequently the ambient. temperature affected 
the thermometer until the next layer of concrete was placed, after which 
the thermometer recorded the temperature developed in the mass where 
it was located. 

Thermometers located 20 ft. from the surface showed a rise of tem- 
perature from 64 deg. to 84 deg. in 24 hours, and then a fall to 76 deg. 
in three days, when a new layer of concrete was placed. The temperature 
then rose gradually to 101 deg. in 11 days, after which it fell to 78 
deg. in five months. 

Thermometers located 26 ft. from the surface showed a rise from 
17 deg. to 113 deg. in 24 days, and then a fall to 81 deg. in seven months. 

Information obtained from these temperature records to date shows 
that in large mass concrete the temperature near the surface increases 
lightly for a short period of time, approximately four or five days, and 
then falls slowly for as much as 30 days, after which the rise and fall 
of the temperature is directly affected by the ambient temperature pre- 
vailing. At greater depths in the concrete mass the temperature rises 
much higher, to as much as 113 deg. F., over a period of approximately 
three or four weeks, and then gradually decreases for a period of as much 


as eight or nine months. 
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It is interesting to note that this concrete was placed in the winter 
season when the ambient temperature would tend to decrease the maximum 
reached by the mass, and yet this maximum was 113 deg. Also, it is to 
be noted that concrete near an expansion joint, even though in contact 
with adjoining mass concrete, does not increase to the same temperature 
reached by the center of the mass, although this difference is apparently 
not over three or four degrees. The information shown by this record 
is that the central portion of any mass concrete is sometimes in a state 
of expansion while the external surfaces are in a state of contraction, and 
explains the cracks appearing in the surface of concrete which do not 
penetrate to the interior of the mass. The record of this temperature 
experiment is not yet complete, and therefore all the conclusions cannot 
be drawn at the present time, but it is evident from the information so 
far obtained that the interior of a mass of concrete 25 ft. or more from 
the surface is affected by the general seasonal change of ambient tempera- 
ture, but is not affected by the daily changes. Also, the interior of the 
mass may be undergoing a change caused by a seasonal change of ambient 
temperature which occurred several months before. 

Conclusions.—The testing of materials entering into the concrete is 
of great importance, and the method whereby all cement was tested twice 
has proven of great value. 

The best information regarding the concrete being placed in the struc- 
ture is obtained from the actual mortar tests from samples of the con- 
crete after it has been placed. 

The method of controlling the concrete whereby the inspector at the 
point of placing has full charge and full responsibility for the quality 
of concrete so placed, controlling it so that the men shall not track deeper 
than 10 in. nor less than 2 in., is a very efficient and successful method. 

Because of the high continuing temperatures in concrete of consider- 
able volume, if cracks in permanent work are to be avoided, deposits 
of concrete should be limited to 4 ft. for any one deposit. Such deposits 
should be allowed to set and cool at least five days before succeeding 
courses are placed. 

The greatest horizontal dimension for any given deposit should be 
25 ft. 

All deposits should be provided with horizontal and vertical key boxes 
wherein the area of the keyways is at least 5 per cent of the area receiving 
concrete. 

Colonel Cooper believes we will obtain the desired quality in our 
concrete structures in this country only when we limit the amount of 
water used to the minimum amount which will permit satisfactory placing 
and working of the concrete in the forms. 
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DISCUSSION. 


Herbert J. Gitkey.—These are very valuable temperature records 
showing that interior concrete was not only subjected to a high tempera- 
ture during the setting process, but probably to very high shrinkage stress 
as well. I wonder if any steps were taken to find out how this concrete 
will differ in quality from that in other parts of the structure. Also, I 
would like to know how those mortar strengths compared with the strength 
of the concrete as placed. 

Mr. Hatyt.—I will answer first the question about the mortar test. 
Those tests of the concrete after it had been placed gave the average of a 
number of different brands of cement. Our tests prior to the placing of 
concrete were the testing of individual brands of cement only. The test 
afterwards was the test of the structure as it stood; consequently there is 
no direct comparison between the cement before and the concrete after- 
wards, except in a general way. The general result is that our mortar did 
test higher than the standard 1: 3. Our concrete is a bit richer; our mor- 
tar ratio is, in the case of the rich mix, 1 part cement and 2 1/5 parts 
sand, so of course we got a higher result in our mortar tests. 

Mr. GILKEY.—I thought that the mortar was screened out from the 
concrete and that compressive tests were also made on the screened-out 
mortar specimens. Therefore I thought that we might have data giving a 
direct comparison between the compressive strength of a concrete and that 
of its mortar. 

Mr. HAtL.—The mortar briquets were made as follows: A sample was 
taken from the concrete in a bucket. Stones %4-in. or above were taken out 
and the mortar thus left was made into briquets. Another bucket was 
taken from that concrete and cylinders were made for compressive strength, 
leaving all the gravel in. That mortar that you referred to represents 
our mortar tests of the job; that was our essential test showing the 
strength of the concrete. It shows the result of that testing where the 
tensile strength was 400 lb. in 28 days. 

Mr. GILKEY.—No compressive test of the mortar? 

Mr. Hatt.—Of the concrete, but not the mortar. 

(In answer to the question as to whether any instrument was placed 
in the interior of the concrete to measure the amount of expansion or 
contraction, Mr. Hall replied that this was not done. Numerous measure- 
ments were made at expansion joints on the surface but no interior meas- 
urements, ) 
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Mr. CHAPMAN.—How were the samples of the gravel or coarse aggre- 
gate taken to determine the variation in voids? Attention has been called 
to several cases of the difficulty of taking a sample of coarse aggregate 
that will be truly representative of the bulk of the shipment, and I would 
like to get the information on the method for insuring the sample being 
truly representative. I would be interested to know whether the difference 
was noted in the strength result, either the cylinders made from con- 
crete in place or the penetration of the workers was 2 or 10 in. Of 
course we cannot tell very definitely what the water-cement ratio is which 
the 2-in. or the 10-in, penetration represents. Was there any effort to 
record the penetration of the tube at the time of taking samples or to find 
the difference between the 2-in. and 10-in. penetration? 

Mr. HaLi.—In regard to the question of the men walking in the con- 
crete, the leeway of having them track to the depth of 2 to 10 in. was 
permissible for the following reason. In summer weather it is very hot 
and the concrete dries more rapidly; in winter weather when the weather 
is cooler and the concrete takes longer to set up, it is more advantageous 
to use the drier mix at all times. We made the effort to use the driest 
mix possible which would produce good results. There was no effort 
made to compare the 2-in. trackings with the 10-in. In other words, the 
10 in, was the limit to which the inspector could go. He was given that 
_much leeway to produce good results. Probably our average concrete ran 
4 to 5 in. in tracking. You noted that the men were standing about ankle 
deep and that would be 4 or 5-in. tracking and represented a fair sample 
of the tracking method. Ten inches was not permitted except under 
extreme circumstances and on a hot day or when, for some other reason, 
it was difficult to keep the concrete fresh. 

About a measurement of the voids: In the sand, the measurement of 
voids naturally would be very difficult by the man at the mixer, because 
of the amount of moisture contained in the sand under different conditions. 
If the train had just come from the dock where the sand was very moist 
and the inspector measured that, he would get an untrue result, and the 
loading of the sand into the bin was made sometimes simultaneously from 
the car and from the stockpile. The sand in the stockpile would be drier 
than that coming directly from the car. The large amount of concrete 
used in any run of 24 hours meant that the bins were frequently com- 
pletely empty during the day, and sometimes several times, so that the 
aggregate would vary. ‘Therefore, we made what I refer to as the labora- 
tory test on the sand; we took numerous samples of sand to the laboratory, 
thoroughly dried them out, getting rid of all the moisture and then found 
out the amount of that type of sand to use, and those tests were made 
at intervals so that the inspector at the mixing plant was relieved of the 
necessity of making a void test on the sand. 

In regard to the gravel, the same difficulty is not encountered as the 
gravel will contain a certain amount of moisture and does not vary as 
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much as the sand under moisture conditions. The gravel void measure- 
ments were made at least once an hour by the inspector at the mixer, and 
were checked by a representative of the testing laboratory, who kept that 
result. 

However, there is one feature in regard to this method of control to 
which I wish to call your attention; the inspector at all times was able 
to look into the mixer on the front side by means of flood lights. These 
inspectors became so proficient that when they saw the gravel come down 
into the hopper, they could tell whether the gravel was changing and if 
so vary the amount of the sand and could make a void test to verify the 
result and invariably they found they were in the right direction. The 
general result was that the void tests in the gravel were made at the 
mixing plant but the void tests in the sand were made by laboratory 
measurements to prevent errors creeping in through measuring sand which 
might be damp or might be dry. 

FRANK H. JACKSON.—What was the maximum variation in the voids 
of the coarse aggregate ? 

Mr. HALL.—That is a question | would have to answer somewhat from 
memory, the voids in the coarse gravel were about 47 per cent, in the sand 
the voids were about 34 per cent. 


Mr. JAcKSON.-You do not recall the variation in the coarse aggre- 
gate? 
Mr. HAaLu.-—The voids were 44 per cent to 50 per cent. 


ARTHUR A, .LEVISON..-What was the range in the moisture content 
of the fine aggregate as it was batched at the mixer on the job, approxi- 
mately ? 

Mr. HALyi.-Sometimes it went as high as 20 per cent moisture, by 
weight. It varied all the way from probably 7 per cent to about 20 per 
cent moisture. 

STEPHEN STEPANIAN.-Was the gravel you received partly crushed or 
round, and was there a variation between the time you received the 
crushed gravel and the round gravel? There are certain banks in which 
one finds fine gravel and at other times it is crushed. If the gravel were 
crushed there would be a variation of voidage, I imagine, approximately 
hetween 50 per cent and 41 per cent from angular to round. 

Mr. Hati.—The gravel ran very uniform, due to the fact that it was 
dredged from the bed of the river. The dredge was moved up and down 
stream and that gravel was found to run very uniform. None of the 
gravel was crushed. Any boulders, which sometimes were obtained and 
which might run as large as one’s head or one’s fist and would not go 
through the screen, were simply wasted. At times crushed limestone rock 
was used. There was no effort made. to run either one thing or the other. 
In the early part of the job we had crushed rock, sometimes we had 
gravel and sometimes we had a mixture of the two. We simply took our 
void tests of either kind or of the mixture. The bulk of the job, though, 


95 per cent of all the concrete, had a gravel content. 
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D. S. CoLpurn.—-Did you find that the tensile strength of the mortar 
would correspond with the compression strength on the concrete? Was 
there a relationship there which could be traced? 

Mr. Haty_.—In general there is a relationship, although we did find 
in some cases more retrogression in the briquettes than the cylinder. I 
consider the compressive strength by the cylinder method a more reliable 
test of the concrete than the tensile briquettes. 











ARCHITECTURAL CONCRETE. 
By Joun J. EARLEY.* 


A discussion of architectural concrete naturally touches on its nature, 
its artistic value, its economic value, the proper manner of using it and 
the best means of making it. Such a subject cannot be treated in a 
paper of reasonable length, therefore; I have selected just two thoughts 
for your consideration. 

I have been guided in my selection by the suggestions of others. I 
received the suggestions from the tendency of every one, in accordance 
with his training and his interests, to accent some phase of the subject. 
Architects seem to be particularly interested to know the proper manner 
of using architectural concrete, the preparations to be made for it, the 
restrictions imposed by it on other materials. They want to know how 
to fit architectural concrete to a building. Makers of concrete products 
want to make concrete to measure up to architectural requirements. They 
have heard that the control of water in concrete helps to do this, and 
they want to know what water does in concrete and the means of con- 
trolling it. 

It is common knowledge that, all other things being constant, the 
control of concrete is exercised through the control of the water in it. 
This has frequently been discussed before the American Concrete Institute, 
but the discussion has been restricted to the relation of water to the 
strength of concrete. ‘The relation of water to the other properties of 
concrete, the properties which distinguish one concrete from another and 
befit each for its particular use, has not been discussed. Furthermore 
the function of time in the control of concrete has not to my knowledge 
been considered by the Institute. I think that this should be done because 
the use of the function of time in the placing of concrete and the hydra- 
tion of portland cement requires the exercise of human judgment which is 
craftsmanship. 

I hope that the control of concrete, or craftsmanship, or technique 
or whatever best expresses the art of making concrete will be constantly 
kept before the Institute. 

Permit me to illustrate the manner of using architectural concrete 
by telling how the architects for the Louisiana State University and for 
the Nashville Parthenon solved the problem. 

There is in Louisiana an old tax—the Severance Tax. It accrues 
to the State whenever its natural resources are exported. It never at- 
tracted much attention until with the discovery of oil unexpected wealth 


*Architectural Sculptor, Washington, D. C. 
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flowed into the treasury of the state and it became the duty of the gov 
ernor to invest the wealth for the people. This was a difficult and serious 
problem for the governor, who being a man of vision decided to invest 
in the young men and women of the state and to build for them a uni 
versity. The governor hopes that Louisiana will gain from this investment 
a profit beyond measure, the development of the natural resources of the 
state by its own sons and daughters. 

The old agricultural and mechanical college was used as a nucleus 
around which to build the other departments of a modern university. 
A new site was selected and new buildings and equipment were planned. 
An architect was chosen to design and construct a group of buildings to 
adequately house the university and to express the dignity of the ideals 
and the hopes with which the work had been undertaken. 

It is not a derogatory criticism but merely a statement of fact to 
say that the state of Louisiana does not afford the character of crafts 
manship necessary to the satisfactory execution of an architectural design 
in keeping with the dignity of this project. But the state of Louisiana 
does afford the labor and material suited to sound construction, 

Here, then, is the problem which confronted the architect——should he 
build with the labor and materials at hand a group of buildings which 
from a purely utilitarian view point would be structurally sound and 
useful but which in their appearance would fall far short of the archi 
tectural possibilities? On the other hand, should he for the sake of 
appearance import into the state craftsmen and materials suitable for 
the work? It seemed to be a pity to lose so fine an architectural oppor 
tunity but at the same time it seemed unreasonable to reject or slight 
the labor and material afforded by the state. If labor and material from 
home and abroad could be used independently and at the same time, a 
solution might be found which would certainly be expedient. 

This problem reacted upon the designing of the building and com 
plicated it to a considerable degree. The importance of the undertaking 
indicated buildings of the first class but in the circumstances buildings of 
that class were hard to get. Then, too, this university is in a warm climate 
and certain types of buildings suitable to colder climates would not be 
suitable to it, 

Complicated problems often have simple solutions, It was true in this 
case. It became immediately apparent in the search for a suitable style 
of architecture that the South could lay claim to a style of its own, In 
the South that style of building, which is generally spoken of as a “mis 
sion” building, is accepted and used for first-class structures. A mission 
building was originally the expression of someone's memory of buildings 
of the domestic type in Spain or Italy, Mission buildings have been well 
suited to the use and climate of the South, therefore, the architects 
decided that the buildings of the Louisiana State University should be a 
domestic type of the style of building developed in Italy during the 
Renaissance. It was desired that these buildings should be an intuitive 
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course in architecture for the students, and that they should take home 
improved standards in architecture to be reflected in the architecture 
of the state when these young people in turn began to build. That this 
hope might be well founded, simplicity, permitting intimacy, encouraging 
emulation and making the buildings a part of the life of the people, was 
preserved. 

A complete separation of the finish from the structure was the solu 
tion of the problem. It permitted the architect to construct with the 
labor and material afforded by the state and to finish with a better class 

















FIG. 1.—-TIE NASHVILLE PARTHENON, 


This is a replica of the Athenian Parthenon. It is both architecturally 
and archeologically an educational building of the first order. 


of labor and materials imported for that purpose. In this also a sim 
ilarity exists between these buildings of today in Louisiana and those 
of the Renaissance in Italy. For, the latter also were built with the 
labor and materials at hand, The people took stones from the fields and 
built them into walls, rough, irregular, unsightly and none too weather- 
proof. They refined these walls and made them symmetrical, beautiful 
and weatherproof with a separate finish, a stucco, 

This idea of a separate finish is again exemplified by the restoration 
of the Nashville Parthenon. 


One of the chief attractions of the Tennessee Centennial Exposition 
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held in Nashville in 1897 was the Arts Building. It was in size and 
drawing a pleasing representation of the Athenian Parthenon, which is 
regarded as the culmination of the architectural skill of the Greeks. The 
body of the Nashville building was of brick, the columns, entablature and 
tympani being of staff on wood lath. After lasting twenty years the 
gypsum plaster naturally fell into ruin. But the beauty of the building 
had endeared it to the people of Nashville and the Board of Park Com 
missioners decided not only to reconstruct it in permanent material but 

















FIG, 2. THE NASHVILLE PARTHENON. 

Though not posed as was the original but its beauty is sufficient to over 

come the disadvantage of a low setting in an open park. The building 

soft reddish yellow color not unlike the present color of the ruins. 

chrome of the entablature follows the Greek conventions and 
same as it was on the original. 


has a 
The poly 
is probably the 


to make it a reproduction of architectural and archeological accuracy. 
They instructed their architect to include the best known of those remark 
able ingenuities which Greek architects employed to correct certain optical 
effects. Among these for example are entasis or swell which corrects the 
concave appearance of a straight column (the swell of the Parthenon 
columns is about % in.), a sense of stability received from the inclina 
tion of columns (the inclination of the columns of the Parthenon is about 
3 in. in 34 ft.), entasis which corrects the apparent sag in a long hori 
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zontal line, which is aggravated when a number of vertical lines rest 
upon it. (The curvature upward of the through lines of the Parthenon is 
about 2.6 in. on the short sides and about 4.4 in. on the long sides.) 

The Parthenon at Athens was of Pentelic marble throughout but the 
cost of such material in the reproduction was prohibitive. The means by 
which the original had been built were no longer economic and other more 
economic means had to be devised. The architect faced the problem of 
accurately reproducing certain optical sensations by new means, of recon- 
structing the Parthenon with modern material. 











iG. 3.—THE SCULPTURES HAVE BEEN RESTORED FROM THE ELGIN MARBLES 
AND FROM THE BEST AUTHORITIES. 

The Kastern pediment represented the birth of Pallas Athena who sprang 
forth full armed when Vulcan cleft the head of Zeus. 

A study of ancient Greek architecture seems to warrant the con- 
clusion that the Greeks used marble as a building material, because it 
was the most generally satisfactory material within reach, and because 
in the hands of fine craftsmen it could be made to take the form and to 
receive the finish which to the Greeks were standards of beauty. The 
belief seems to be justified that marble was not considered to be a com- 
plete medium, because they applied a separate finish to it. They painted 
it. The Greeks did not like the glare of marble but they did like colored 
surfaces and detail. Even sculpture developed in the latter stages of 
Greek art was painted. 
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FIG. 4.——-VIEW OF THE WESTERN PEDIMENT. 


It is equally well established that the Western pediment tells the story of 
the rivalry between Pallas Athena and her uncle, Poseidon, for precedence in 
the land of Attica. Here are pediments 90 ft. long and 14 ft. to the apex filled 
with heroic figures and cast in concrete. 
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FIG. 5.——-COLUMN RECONSTRUCTION, 


The old Fine Arts Building of the Tennessee Centennial fell into decay, and 
we were commissioned to restore it in a permanent material. The construction 
of its mighty columns was the real adventure of the job. It was decided that 
structural cores should first be built and that a finish should be applied to them. 
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FIG. 6..—CLOSEUP OF COLUMN RECONSTRUCTION. 


The outside wall of the mold was constructed with vertical staves and 
spacing blocks held together by encircling rods. Metal lath was attached to the 
inside edges of the staves. 
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FIG. 7.—COLUMN RECONSTRUCTION OF NASHVILLE PARTHENON, 


The inside wall was segmental in form. It could be taken apart and 
removed through the top of the column. Thus a porous mold was constructed 
which separated the excess water from the concrete at the proper time. The 
time required for the cement to hydrate permitted a different consistency to be 
used in the two phases of the concrete. It was mixed with enough water to 
facilitate the placing of it. Then the free water was withdrawn leaving the 
concrete in an almost ideal state to develop greatest density and strength. 
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VIG. S.—COLUMN MOLD REMOVED, 


When the mold was removed the metal lath remained on the concrete, later 
it also was stri wee off. With it came the skin of fine cement usually found 
on concrete, This left the structural cores both porous and rough, an ideal 
state for the attachment of the finish. 
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FIG, 9.-—-REBUILDING THE PARTHENON ENTABLATURE (NASHVILLE). 


The entablature was constructed on the same principles. It was a U-shaped 
beam over the columns and was cast in porous molds made with metal lath. 
Around all these structural elements molds of the finished form were assembled 


and into them was poured the finishing concrete. Precast details of exquisite 
workmanship were added, 
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FIG. 10.—AN INDICATION OF COLUMN SIZES. 


It is difficult to judge the size of objects in a picture. So, Professor Abrams 
offers to show you just how large these great columns really are. 
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The practice of applying the finish separately is well illustrated by 
the Baths of Caracalla (Marcus Aurelius Antonius Bassianus) in Rome. 
To me this example is excellent. Together with the Parthenon it is 
sufficiently important to be included in the text of architecture. It was 
an engineering problem of the first magnitude built as such with suitable 
labor and materials. It was an architectural project of equal importance 











FIG. 11. DETAIL OF A LOUISIANA STATE UNIVERSITY STRUCTURE SHOWING 

THE CONCRETE STRUCTURE ON WHICH THE FINISH WAS APPLIED. 

Rome surely must be the haunt of many great spirits: architects, engineers 
and craftsmen. They have left the record of a manner of building which com 
pletely separated the finish from the structure. Old walls made with brick and 
concrete still show the holes of bronze dowels which once held their marble 
finish to them, and gaunt ribs once held the lineaments of beauty until they 
were picked to build medieval Rome. The methods with which these ancient 
glories were built were applied to the building of the Louisiana State Univer- 
sity. Its buildings were made with brick and conerete and the finish was com- 
pletely separated from the structure. 


handled as such with fitting craftsmanship and media. The two under- 
takings were not confounded. 

In those days in Rome laborers, craftsmen, artists and even architects 
were mostly slaves taken in war. So, when such a work as this was 
undertaken it was organized for the best use of available resources. There 
were unskilled hands a plenty and into them was put a material suited 
to their use, the long rough Roman brick. With this they built, bearing 
the burden of the work, while skilled hands, of which there were relatively 
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few, decorated floors, walls and vaults with form and color now treasured 
among the achievements of our race. 

I recommend to architects a complete separation of finish from struc- 
ture, I am convinced that this is the best manner of using architectural 
concrete. Perhaps it is the best manner of using all decorative materials. 
It permits all classes of labor and material to be used to advantage. It 
separates skilled from unskilled labor and fine from coarse material. 
There are in the building industry many splendid organizations fully 
equipped to construct but not to decorate, who are unwilling to undertake 
a project in which the architectural appearance is the major consideration. 
It is an advantage to employ such specialists and it is little trouble to 
separate their work from the decorations. I have known the measure 
of this advantage, the saving a specialist in construction will make from 
the cost and time of another contractor, to almost equal the cost of a well- 
designed finish in architectural concrete. 

This completes the first thought of the paper. It stresses the com- 
plete separation, for economic reasons of the finish from the structure 
during the operation of building. The second thought of the paper on 
the control of water in architectural concrete products follows. 

I am convinced that “mixing water” means more to a craftsman than 
to an engineer. I have received the impression that engineers regard 
water as an important element in concrete to be measured and mixed with 
as much care as the cement and aggregate and to be kept in a somewhat 
constant relation to them in volume, particularly to the cement. They 
seem to think that there are four principal things to be considered, 
namely; the measuring and mixing of ingredients, the placing of the 
concrete in forms, the testing of the hardened concrete and the repro- 
portioning of the ingredients to correct all defects. If this be generally 
true, and I think it is, it would seem to indicate a belief that whatever 
may be wrong with concrete is the result of something wrong with the 
proportioning of the water, cement and aggregate. The expression “too 
much mixing water” has become trite as an explanation of defects in con- 
crete. I cannot subscribe to this belief, because I know, though very 
imperfectly, some of the things which happen in concrete while being 
mixed, while being handled, while hardening and finally after hardening. 
A recognition of what occurs in concrete in each successive phase and of 
the time when the concrete passes out of one phase into another is neces- 
sary to the proper control of water at the proper time. Thus, the control 
of water at the right time, is the major principle in the technique for 
making architectural concrete. 

Craftsmen in other arts recognize the function of time in the control 
of other media and the makers of concrete and concrete products should 
do so. Do not misunderstand me: I am not saying that the control of 
water in time is not practiced in making concrete, for, such a neglect 
would prevent the making of concrete. But I say that time should be 
recognized as a factor and used with better understanding. 
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FIG. 12.—LOUISIANA STATE UNIVERSITY BUILDINGS. 


Plain walls of homely materials speak loudly of economy. They were built 
with the labor and materials at hand but without embellishment. 














FIG. 13.—LOUISIANA STATE UNIVERSITY BUILDINGS. 
Simple in design and simple in construction they were built for the needs 


and to the liking of a simple people, but they possess with all a dignity worthy 
of their purpose. 
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FIGS. 14 AND 15.—LOUISIANA STATE UNIVERSITY BUILDINGS. 


When finished they assumed a refinement of form and color which is very 
pleasing. They became a course in architecture to the students. From them 
can be separated a motif for any ordinary building, a house, or a business block 
The refined simplicity of the domestic style of the Italian Renaissance has been 
well expressed. 
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There is much information on this subject in the plastic arts, in the 
research laboratories. For exam- 


Standards No. 43, The Hydration 
the effect of various amounts of 


records of the scientific societies and the 


ple—Technologic Paper of the Bureau of 


of Portland Cement, records a study of 

















FIG. 16. LOUISIANA STATE UNIVERSITY BUILDINGS, 
Concrete has made this possible in a country where the like could not have 


been done by any other means, 


water and steam on the individual components of portland cement and on 


portland cement itself. 
In the summary of that paper two out of five pages are devoted to the 


time in which the various ingredients of portland cement become hydrated 
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FIG. 17.—CAMPANILE UNDER CONSTRUCTION. 


The Memorial tower with its clock and chimes and with its crowning 
lantern was built with reinforced concrete, steel and tile, wherever each served 
best. 
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in water. I can frankly say that when I took up the study of portland 
cement as a binder in plastic media after years of study and experience 
with other binders such as gypsum, lime and clay, this paper encouraged 
me to an heretical disregard of the dogma of initial set, and to a belief in 








FIG. 18.—THE COMPLETED CAMPANILE AT L. 8. U. 


Over all, architectural concrete spread a skin of beauty colored with soft 
yellow, red and white like the campanile of an old church. 


my own freedom to do anything I might reasonably wish to do to portland 
cement in the first twelve hours after wetting it. 

In the Proceedings of the American Concrete Institute, Vol. XVII, 
1921, there is a paper on “Shrinkage of Portland Cement Mortar and Its 
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Importance in Stucco Construction.” The studies reported were under 
taken to determine the causes of crazing in stucco and because volume 
changes capable of causing crazing could occur in the first twenty-four 








FIG. 19.—A BREATH OF THE RENAISSANCE, 


Like a glimpse of old Italy to teach the boys and girls of Louisiana that 
familiar things may still be pleasing. 


hours, measurements of them were made before and during the set of the 
mortars, as well as afterward. The paper clearly indicates successive 
phases in the making of mortars. These may broadly be divided into 

















ARCHITECTURAL CONCRETE, 533 


two, namely, when the material is plastic and when it is solid. With 
equal clarity the paper indicates twelve hours as the approximate time 
of the first phase. 

In the art of plastering the technique of white coating or finishing 
offers another example. As the finishing material is spread over the 
rough mortar or under coat, part of the mixing water slowly leaves it 
passing into the absorbtive base. The plasterer waits until just the right 
amount of water has passed before he trowels the material to a hard 
smooth finish. He uses time as a factor in the control of a plastic 
material, 

In many arts the control of material through water has been studied 
and well conducted scientific investigations have enriched the arts with 
new and better knowledge. Some of this work has been published but 
much of it has not. What has been published is widely scattered through 


the literature of many industries, such as felt, paper, glue, ceramic, gypsum 
and lime industries. 


But I think for our present purpose it may be sum- 
marized as follows: 


Water exists in concrete in more than one state; in 
some we can work with it and in some we cannot, There is water needed 
to make crystals and jellies, this we may not touch because to do so 
would destroy the cement. There is water very tightly held in pores and 
on surfaces, with this we can do little because we lack strength to move 
it. There is water free in the mass, with which we may do whatever is 
needed, if we know how. 

You will remember that years ago concrete was mixed with very little 
water and tamped into place with much labor. It was hand-made and 
was good concrete. Experience and research confirm the fact that concrete 
made with just enough water is the strongest concrete, and in other 
respects is the best. When the forms became more complex and labor 
more expensive this kind of concrete was not economic. It was decided 
then that we were not handling concrete in the proper way. The con- 
sistency was changed from plastic to fluid and with fluid concrete difficult 
forms containing complicated reinforcements were better filled and with 
less labor. Mechanical devices were used and through them, with water 
as a vehicle, concrete was placed more easily than by hand. It was known 
that added water would decrease the strength of concrete but it would still 
be strong enough. The new methods accented the facility of the material 
and the desirability of taking full advantage of that property. 

I suggest that all our formulas for water are a laudable effort to 
keep the flow in concrete and to put back the strength which was impaired 
when the flow was first added. Furthermore, to complete the second 
thought of this paper I suggest another step in technique. The introduc- 
tion of time. As we have about twelve hours in which to work and as 
we can easily control the free water: let us deliberately add enough water 
to concrete to produce an optimum consistency for placing, and when the 
concrete is in the forms let us remove enough of the water to produce the 
best consistency for the strength and other good qualities of the concrete. 
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FIG. 20.—FACULTY HOUSES—-OUTPOSTS OF THE IMPOSING WHOLE. 


_ Around the University Group are scattered the faculty houses. They are 
fitting outposts to the principal group. 
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FIG. 21.—THE PRINCIPAL UNIVERSITY GROUP. 


This consists of twenty-seven major buildings and occupies more than one 
quarter of a square mile, 














Soaps AS INTEGRAL WATERPROOFINGS For CONCRETE. 


By ALFRED H. WHITE* AND JOHN H. BATEMAN.** 





The effect of soaps added in small amounts as integral water- 
proofing to cement mortar and concrete is to diminish the absorption 
of water by capillary action to a marked extent and to lessen the 
permeability to water under pressure. The compressive strength is 
not materially affected provided the waterproofed product is kept 
damp continuously until it gains the requisite strength and provided 
the soap is not one which causes foaming in the concrete mixer with 
entrainment of air in the finished product. If concrete containing 
soaps is allowed to become dry ‘before it has attained the desired 
strength, it will always remain weak because, being waterproofed, 
water will not be able to gain free access to the interior of the mass 
and continue the hardening process. 











Introduction. 


In the manufacture of concrete, good cement and water, aggregates of 
proper quality and gradation of size, and proper mixing are fundamental. 
Other substances in rather wide variety have been proposed as additions to 
the concrete during the process of mixing. The term waterproof itself needs 
to be defined for our purpose, for very few substances ordinarily consid- 
ered as waterproofings are completely effective. Even varnish applied in 
several coats does not prevent the absorption of moisture by wood as is 
shown by the way many doors swell and stick in the humid weather of 
summer. A membrane built up of several coats of felt cemented by proper 
bituminous material is almost completely waterproof and is one of the 
few methods of complete waterproofing applicable to concrete, for the mem- 
brane if properly made is elastic enough to bridge minor shrinkage cracks. 
This paper discusses a type of waterproofing which is less effective than the 
membrane method but which has real value under many conditions. 

As has been shown by one of us in several papers (1, 2, 3, 4) cement 
after reacting with water becomes, in part at least, colloidal and retains 
for many years and perhaps indefinitely its property of absorbing water. 


* Professor of Chemical Engineering, University of Michigan. 
** Professor of Highway Engineering, Louisiana State University. 
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This absorption of water causes expansion and the evaporation of the 
water in dry air causes contraction. These volume changes which seem 
due to a fundamental property of portland cement are the most potent 
causes of the destruction of concrete exposed to the weather, as has been 
explained in some detail in the references cited. If concrete is to be 
kept constant in volume its moisture content must be held relatively 
constant. 

One of the frequent reasons for desiring to waterproof concrete is 
to ensure a dry basement. A concrete wall to be satisfactory for this 
purpose must not allow water or even dampness to penetrate it and must 
have satisfactory strength. There are two quite different factors which 
may cause moisture to penetrate a concrete wall: pressure and capillarity. 
If a capillary glass tube like that from a thermometer, which is clean 
and has both ends open, is dipped into water the water will rise in the 
tube because of capillarity. If the walls of the capillary are even slightly 
oily the water will not rise in the tube. But if pressure is applied, water 
will be forced through the tube in spite of the oily surface, which was 
effective in preventing the rise of water due to capillarity. All concrete 
when dry contains capillary openings ‘due to shrinkage of the colloid of 
the cement. Therefore a concrete surface in contact with water or wet 
soil will absorb water through capillarity and the water will diffuse into 
the concrete through the same force. In rich and well made concrete 
the penetration may proceed only a few inches before the colloid near the 
wet surface becomes swollen to such an extent that the capillaries become 
closed and further access of water is stopped. If the concrete is lean 
or not well made, the capillaries of the concrete will not become sealed by 
swelling and the water will penetrate through the concrete. If the con- 
crete has large voids or is cracked, water may flow through it in a 
stream as through any other channel. Rich cement mortar and concrete 
in thick masses if free from cracks should therefore be waterproof after 
their colloid is well developed without any addition of waterproofing 
materials. 

This resistance to water even in rich concrete comes only after proper 
curing and until that stage is reached even rich mortars are permeable 
to water. Rich concretes and mortars unfortunately have greater volume 
changes and are therefore more liable to crack because of changing mois- 
ture in their environment. There is an evident field of usefulness for a 
waterproofing which will prevent the penetration of moisture by capillary 
action even if it does not wholly prevent the penetration of water under 
pressure. 


Classification of Integral Waterproofings. 
Integral waterproofings may be classified as follows: 
Inert—such as finely ground sand; 
Water Absorbent—such as clay and hydrated lime; 
Water Repellant—such as hydrocarbons and insoluble soaps. 
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The inert materials listed above are merely finely ground aggregates 
and are effective in proportion to their ability to make a dense concrete 
with a minimum of voids, although substances like ground slag do react 
in part with the cement. Clay and hydrated lime are both materials 
which absorb water, swell when wet and shrink when dry and behave in 
general as typical colloids. One of us has elsewhere discussed’ the value 
of these materials but it is sufficient here to state that they promote the 
absorption of water by capillarity, rather than prevent it. Hydrated lime 
has a specific value, evident only after some months and under special con- 
ditions, due to the formation of calcium carbonate. Hydrocarbons such as 
petroleum residues have a definite waterproofing value but are difficult to 
incorporate and tend to leach out from the concrete. 

Soaps are compounds of organic fat acids and inorganic bases. The 
soaps of soda, potash and ammonia are soluble in water, and those of lime, 
alumina and most other bases are both insoluble and water repellant. Ordi- 
nary toilet soap is a sodium soap. If it is used in hard water, containing 
calcium salts in solution, the insoluble lime soap is precipitated. The 
materials supplied commercially for waterproofing concrete consist either 
of the soluble or insoluble soaps. The soluble soaps dissolve in the mixing 
water and react with the lime set free as the cement hydrates, to form the 
insoluble lime soap. The insoluble soaps, being water-repellant, must have 
some ingredient incorporated to make them .miscible so that they will be- 
come uniformly dispersed in the mixing water and remain in a very fine 
state of dispersion until the concrete has set. Since they are solids and 
insoluble in water they remain as minute water-repellant particles 
throughout the concrete preventing the absorption of water due to capil- 
larity. Their value is a function in part of the particular kind of soap, 
but in larger measure, of its degree of dispersion in the concrete. Soap 
which is in large flecks will have much less value than one which is finely 
divided and uniformly distributed. 

Query has been raised by some writers as to the permanence of “or- 
ganic” compounds. The insoluble soaps of the saturated fatty acids are 
extremely resistent to the ordinary influence of decay. When animal re- 
mains decompose in the ground the fat acids resist decay for many years 
and form the adipocere which is sometimes dug up after all of the other 
animal tissues have disappeared, 


Review of Literature on Use of Soaps as Integral Waterproofings. 


The literature on the effect of soaps as waterproofings is, as was to 
be expected, somewhat conflicting, especially with regard to the effect of 
waterproofings on the strength of concrete. Tests by W. K. Hatt* made in 
1904 showed that the effect of alum and soap solution added to the concrete 
mixer did not greatly affect the strength but diminished the absorptive 
power about 50 per cent. No quantitative figures were given by him. 
Baker and Derick' reported in 1908 on the effect of alum and soap and the 
following quotations are taken from their report: 
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“The most interesting feature of these experiments is that the alum 
and soap compound equal to an average of 1.2 per cent of the cement in 
a mortar containing an average of 23.7 per cent voids, stopped 65 per 
cent of the percolation: or, in other words, adding water-repelling void- 
filling material equal to approximately 5 per cent of the voids reduced 
the percolation to one-third of that of untreated mortar. 

“The mixing of alum and soap in the concrete reduces its strength 
somewhat; but there are many situations in which strength is unimpor- 
tant, or at least is less important than water-tightness. The effect of the 
alum and soap upon the strength of the mortar varies a little with the 
method of storing the test samples. For example, the mean of six neat 
portland cement briquettes mixed with 21 per cent of water which con- 
tained % of 1 per cent of alum and 1% per cent of new “Ivory” soap, 
when left in the molds 1 day and stored in a moist chamber for 6 days, 
had a strength of 87 per cent of that of similar briquettes made with 
water alone; and when left in the moulds | day and then stored 6 days 
in water had 84 per cent; and when twice as much alum and soap were 
used, the strength was 83 and 71 per cent respectively.” 


Burton* reporting on tests made at Iowa State College in 1908 stated 
that soap and alum solution gave satisfactory results in waterproofing con- 
crete pipe under pressure of a head of water of 100 feet and that tensile 
tests indicated that the soap and alum did not affect the strength of 
concrete. 

Schick® writing in 1911 of the waterproofing of the foundations for a 
large flour warehouse in Budapest, stated that 6.6-8.8 pounds of soap dis- 
solved in the water used for 1 cubic yarg of concrete gave entirely satis- 
factory results. 

Wegmann” on the other hand reported that though various integral 
compounds showed good waterproofing qualities they all seemed to reduce 
the tensile strength. 

Grittner™ has stated that with a mix of 1: 1.5: 2.5 by weight using 
water containing 8 per cent by weight of ordinary soap, an entirely satis- 
factory waterproofing was obtained with a reduction in the crushing 
strength at 28 days from 83.2 Kg. per cm? for the concrete without soap to 
75.0 Kg. for the concrete with soap. 

Burchartz” showed that a 1: 2:5 concrete could be made watertight 
if soft soap to the extent of 1 per cent of the weight of the dry materials 
were mixed with the mortar. Compressive tests made on 1: 3 mortar with 
the same amount of soap added showed that the strength of 7 and 28 days 
was only about 40 per cent of that which contained no soap. A later re- 
port by Burchartz issued from the State Testing Laboratory of Prussia” 
showed that smaller amounts of soap solution were effective. Using 2 lb. 
of ordinary soap to 100 lb. of water the following crushing strengths were 
obtained at 28 days. The figures are given as percentage strength relative 
to a normal mixture. 
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Hoffman” describing tests made in Germany in 1912 states that con- 
crete in the proportion of 1: 2.5: 5 could be made water-tight if soft soap 
was dissolved in the water. He used 1 lb. of soft soap to 100 Ib. of con- 
crete which is about equivalent to 7 lb. of water. This quantity of soap 
reduced the compressive strength to about 40 per cent of the normal at 7 
and 28 days. 

Wig and Bates” reported on the elaborate tests made at the Bureau of 
Standards in 1911. They very properly state in their summary, “The 
addition of so-called ‘integral’ waterproofing compounds will not compen- 
sate for lean mixtures, nor for poor materials, nor for poor workmanship 
in the fabrication of the concrete.” They go on to state that “the inert 
integral compounds (acting simply as void-filling material) are added in 
such small quantities they have very little or, no effect on the permeability 
of the concrete.” Permeability was measured in their tests by the amount 
of water passing through a disc of mortar 2 in. thick under a head which 
was usually 20 lb. per square inch although in some of the later tests, 
higher pressures were also used. The specimens were stored in a damp 
room between the time of molding and the time of testing, and were sprin- 
kled three times each 24 hours. The specimens from a 1: 4 mix showed 
so little permeability that we do not reproduce any figures. From the test 
on the 1: 6 and 1: 8 mortars we have selected the permeability at the end 
of one hour’s exposure to the hydrostatic head. The original tables give 
figures for other times but space prevents quoting them in full. The best 
measure of the smal] quantity of actual active waterproofing material used 
is gained from the percentage of fat acid present. We have calculated this 
from the analyses given by the Bureau of Standards and include the figures 
in the tables. It will be a matter of astonishment to note that these 
figures for actual fat acid incorporated in the mortars are, in every case 
but one, less than 0.1 per cent of the dry mix. And yet their effectiveness 
is evident, although not necessarily in proportion to the amount of fat 
acid present. As previously explained the degree of dispersion of the in- 
soluble soaps is perhaps more important than their quantity. 

Table I gives the actual figures for the permeability of the 1: 6 mortar. 
All of the test pieces allowed a material amount of water to pass on the two 
weeks test, but al! of those containing waterproofing soaps made a better 
showing than the unwaterproofed mortar. At the end of four weeks the 
permeability was lower in every case than at two weeks due to the pro- 
gressive development of the colloid of the cement during the hardening 
process. All but two of the waterproofed specimens were superior to the 
straight unwaterproofed mortar. Tests after 13 weeks in the damp room 
showed improvement for all mixes, but the unwaterproofed specimens were 
again at the bottom of the list and the specimens containing four of the 











540 Soaps as INTEGRAL WATERPROOFINGS For CONCRETE. 


nine waterproofing compounds were reported as merely moist, and not 
allowing any water to pass. The tests at 26 weeks do not give any figures 
except for the longer tests but again the plain mortar was clearly the most 
inferior. Two groups with waterproofings were entirely impermeable, the 
surface of each of their three test pieces remaining entirely dry during a 
test of 24 hours. Three of the other waterproofings attained a rating of 
“moist” after 24 hours while 4 allowed water to pass in smaller amounts 





TaBLeE I.—EFFect oF INTEGRAL WATERPROOFINGS CONTAINING INSOLUBLE 
SOAPS ON PERMEABILITY OF 1: 6 MORTAR; FROM TECHNOLOGIC 
PAPER 3, BUREAU OF STANDARDS (TABLE 13). 


Figures show tenths of a cubic millimeter of water passed per minute 
per square centimeter of surface subjected to 20 lb. per sq. in. hydrostatic 
pressure. The figure reported is the average for three test pieces of one 
minute readings taken at the end of one hour. 

The symbol “m” indicates that the lower surface of the test piece 
became moist but that no water passed through. The symbol “0” indicates 
that the surface of the test piece remained entirely dry. 





Waterproofing % Fat Acid 


Compound Contained in ermeability when pieces tested successively at : 
No. Mortar 2 wks. 4 wks. is wks. 26 wks.* 52 wks.* 
None 0.0 1263 250 29 13(7) 3 (24) 
32 0.11 1190 277 m 11(7) 1 (24) 
31 0.008 1130 263 5 m (24) 
33 0.018 619 237 m 8(12) m (24) 
30 0.008 448 92 8 m (24) 0(24) 
29 0.021 737 137 5 0 (24) 
37 0.013 355 58 5 0 (24) 
34 0.05 456 155 m 5(7) 
35 0.0007 421 95 3 m (24) 
36 0.04 400 68 m 3 (24) 





* The figures in parenthesis indicate the number of hours during which the 
pressure was applied, 


than the unwaterproofed specimens. Four groups retested at 52 weeks 
showed progressive improvement and again the unwaterproofed made the 
poorest showing. Table II gives the results for the 1: 8 mortar reported in 
a manner similar to that of Table I. Everyone of the results with the 
waterproofed mortars was better than those with the plain mortar at 2 
weeks and 4 weeks. At 13 weeks and again at 26 weeks only two out of 
the nine waterproofings showed more poorly than the plain mortar. At 52 
weeks they were all nearly impermeable. The unwaterproofed samples and 
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five of the waterproofed were reported as moist and of the other two one 
was entirely dry and one permitted a small amount of water to pass. 
Wig and Bates, in the same report, described tests on the damp-proof- 
ing qualities of these same compounds made on discs of the same size as 
the test pieces for permeability. These discs were stored in the damp room 
for 21 days and then in the air for 7 days when they were tested by plac- 
ing them in relatively shallow water to see how far the water would rise 
by capillary action. The method of testing measured only what might be 
termed the break-down when water rose so high by capillarity that the 
surface became damp. The specimens were two inches thick. With the 


TaBLeE II.—Errectr oF INTEGRAL WATERPROOFINGS CONTAINING INSOLUBLE 
SOAPS ON PERMEABILITY OF 1: 8 MORTAR; FROM TECHNOLOGIC 
PAPER 3, BUREAU OF STANDARDS (TABLE 15). 


Figures show tenths of a cubic millimeter of water passed per minute 
per square centimeter of surface subjected to 20 lb. per sq. in. hydrostatic 
pressure. The figure reported is the average for three test pieces of one 
minute reading taken at the end of one hour. 


Waterproofing % Fat Acid Vermeability when pieces tested successively 
Compound Contained in at ages shown : 
No. Mortar 2 wks. 4 wks. 13 wks. 26 wks. 52 wks. 
None 0.0 3343 1000. 87. 55. moist 
32 0.08 2290 566. 50. 16. 0 
31 0.006 27:,0 632. 68. 37. moist 
33 0.014 2270 671. 71. yt moist 
30 0.006 1890 606. 95. 3. moist 
29 0.016 1680 500. 147. 3. moist 
37 0.01 1790 566. 48. moist 5 
34 0.04 2870 548. 113. 55. 
35 0.0005 2098 429. 55. 79. 


36 0.03 1851 198. moist 0 


1: 4 mortars all specimens remained sound for many days when immersed 
in a half inch and also in an inch of water. When, however, they were 
immersed in 11% in. of water which brought the level of the water to 
within a half inch of the top of the test piece, the discs without water- 
proofing failed in 58 days. All of the waterproofed discs were still sound 
at that time and all but one remained sound for the whole period of 
observation which in most cases was 186 days. The tests with the 1: 6 
mortar did not make such a favorable showing, only 4 of the 9 water- 
proofings yielding specimens superior to the unwaterproofed specimens. 
With the 1: 8 mortars 6 of the 9 waterproofings gave better results than 
the non-waterproofed specimens. 
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A further set of tests in this same series by Wig and Bates was made 
by taking the cubes which had been stored in the damp room for 28 days, 
immersing them in water for 28 days and determining the increase in 
weight. They state, p. 55, “However, the gain in weight after this 28 days’ 
immersion was found to be less than | per cent of the original weight when 
first taken from the damp room, showing that the test pieces had absorbed 
nearly the maximum amount of water in the damp room.” This is as was 
to have been expected since the cubes had been stored where they could not 
lose any of their initial water. 

The tests of Wig and Bates as summarized above seem to indicate that 
their soaps exerted a distinct influence in preventing penetration of water. 


It is therefore rather astonishing to read in the Summary of their report 
(p. 85): ‘ 


“None of the integral compounds tested materially reduced the 
absorption of the mortars before they were dried by heating at 212 deg. F. 
Thus they would have little or no practical value.” 


The results of the compressive tests of the blocks in this same series 
of tests have been analyzed by one of us in a previous paper’. However 


we have no reason to dissent from the conclusions expressed by Wig and 
Bates, p. 85: 


“The addition of any of the compounds tested to a mortar in the 
quantities used in these tests does not seriously affect the compressive or 
tensile strength.” 


Abrams" has stated in a brief note his e-nclusion that the compressive 
strength of concrete was invariably reduced by all of the waterproofing 


compounds tested by him when stored in a damp room until tested after 
28 days. He says: 


“Without exception the compressive strength of the concrete was 
reduced by these compounds. A soap solution of % Ib. per gallon of 
mixing water gave a concrete strength of 57 per cent of normal; 5 per 
cent crude oil, both asphaltic and paraffine base) gave concrete strengths 
73 per cent of normal. 

Four different proprietary waterproofing compounds, used in the 
percentages recommended by the manufacturers, gave concrete strengths 
74 to 87 per cent of normal; average about 80 per cent. A so-called 


alkali-proofing compound (patented) gave concrete strength 16 per cent 
of normal.” 


The only compound containing soaps which can be identified in the 
above quotation is that where 44 lb. soap per gallon of mixing water is 
used, and this is a high amount. 

This review of the literature has shown substantial testimony in favor 
of the effectiveness of soaps as waterproofing compounds. The differences 
of opinion are mainly as to the effect on the strength. Hatt, Wegmann 
and Abrams state that the strength was weakened by the soaps but do not 
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state the amount of soap used. Burton found the strength was not weak- 
ened but did not give figures as to the amount of soap used. The others 
all gave data which permits an approximate calculation of the quantity of 
fat acid in the finished mortar or concrete and the results are summarized 
in Table I1I. Apparently the products were all kept damp until tested. 
The figures show rather unexpected agreement in indicating that if the 
amount of fat acid in the finished product was less than 0.2 per cent there 
was little diminution in the strength. Attention should, however, be called 
again to the fact that these products were kept continuously damp until 
tested. 


TABLE III.—SUMMARIZED EFFECT OF SOAPS ON COMPRESSIVE STRENGTH 
OF MORTAR AND CONCRETE. 





Per cent of Effect on strength expressed 
Fat Acid in in percentage of strength of 
Authority. Mortar. plain concrete. 
ES 6 4.0.40 ke.c.4'Sh be biaele oe 0.6 40 
Tas. ...5. 6 cihibis eG es «cathe #14 0.6 40 
SET 6. > as0-ce 4 -sctidss} aime ane 0.6 40 
oad aes vt 4n ve een ke 0.5 90 
a re ene Ee 0.36 71 
0.18 84 
PIED .c- Sais i544 wo a b ne eo UO 0.12 93-117 
DGihn+ vnweh ass cau wees 0.1 Satisfactory 
Me ae NUN... is wes ccaeeeeas 0.2 and less No effect 





The Effect of Conditions of Initial Storage upon Strength of Concrete 
with Soaps as Integral Waterproofings. 


The investigators whose work has been cited in the previous pages all 
kept their products continuously in water or damp air until their strength 
was tested. Waterproofings may frequently be used in mortar or concrete 
which may commence to dry out within a very few hours after it attains 
its initial set. The question now to be discussed is the influence of the 
initial curing treatment. If a concrete containing a water repellant water- 
proofing were to be allowed to dry out within a few days after it was 
poured, and therefore while it was still weak, it would seem that it would 
gain strength only slowly, even if it were later exposed to moisture, 
because of the very fact that it was waterproofed. The following experi- 
ments by one of us throw some light on this. 

Blocks 4x 4x6in. were cast in duplicate from a mortar of 1 part 
cement to 3 of sand with sufficient water to make the mixture rather stiffly 
plastic, and with either lime or aluminum soap incorporated as a water- 
proofing. The soaps were pure products prepared in the laboratory and 
incorporated in rather large amount so that the mortar contained from 
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0.23 to 0.48 per cent fat acid as soap. ‘The sand in some tests was a 
natural bank sand with fair gradation and in others it was a washed sand. 
After the blocks were removed from the mould they were weighed and one 
of the pair was immersed in water and the other left in room air for a 
specified time. After the initial period, the blocks were alternated in the 
conditions of storage, and record was kept of the change in weight as an 
indication of water absorption. Space does not permit a review of all of 
these absorption tests, but the results may be summarized by the statement 
that the insoluble soaps all showed definite waterproofing properties. The 
measurements of water absorption were repeated at somewhat irregular 
intervals for three years and then the blocks were left undisturbed either 
in air or water for a number of years. ‘They were finally crushed after 


TABLE IV.—Errect or INITIAL CURING CONDITIONS ON COMPRESSIVE 
STRENGTH OF BLOCKS or 1: 3 MorTAR WATERPROOFED WITH INSOLUBLE 
Soaps. CRUSHED WHEN Dry AT AGE OF APPROXIMATELY 11 YEARS. 


Relative 


Waterproofing Initial Strength 
% by % Fat Storage Total Crushing of blocks 
wt. of Acid in Days Immersion strength Ibs. initially dry. 
Test No. Cement Mortar Wet Dry _ in water per sq. in. Per Cent 
159 A 1%A 0.23 21 8 yrs. 2980 
B te 0.23 31 8 mos. 1260 42.3 
c 2%A 0.46 28 8 yrs. 2770 
D “ 0.46 38 8 yrs. 1160 42.0 
E 1%B 0.24 28 8 yrs. 4100 
F a4 0.24 38 8 yrs. 3370 $2.3 
G 2%B 0.48 28 8 mos, 3210 
H _ 0.48 38 8 yrs. 1770 55.2 
I 1%B 0.24 28 8 yrs. 3580 
J ~ 0.24 3 8 yrs. 1480 41.3 
K 2%B 0.48 28 8 mos. 2180 
L = 0.48 38 8 yrs. 1030 47.3 


Waterproofing A was a pure lime soap, Calcium Oleate., 
Waterproofing B was pure aluminum soap, Aluminum Stearate. 


being thoroughly air-dried at room temperature when they were about 
eleven years old. 

The results of the compressive tests are given in Table IV. The con- 
ditions were not comparable enough to enable the various pairs to be com- 
pared with each other. Comparison between the members of each pair is, 
however, proper and shows clearly that even eight years’ immersion in 
water was unable to overcome the handicap caused by the early drying of 
one of the pair. All but one of these blocks, which were allowed to dry 
out as soon as removed from the mould, was subsequently immersed in 
water at various times for a total period of about eight years; yet the 
average strength of these blocks, dried after removal from the mould, aver- 
ages only about fifty per cent of the companion blocks which were im- 
mersed for the initial period and afterwards subject to alternate dryings 
and immersions. The evidence clearly points to the necessity of keeping 
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waterproofed concrete damp until it has had an opportunity to become 
fairly strong. 

As stated above, the lack of uniformity in the conditions surrounding 
the making and storage of these blocks prevents a direct comparison of 
the various lots with each other. It is further to be noted that the amount 
of fat acid in the blocks, 0.23 to 0.48 per cent, is ten times as much as 
was necessary to give fairly efficient results. Yet the minimum strength 
of the blocks which were initially cured wet 21 days or longer was 2180 
lb. and the average strength was 3130 Ib. per sq. in. Even the relatively 
excessive amounts of soaps used in these tests permitted fairly satisfac- 
tory strengths when broken after eleven years. 


TABLE V.—PERCENTAGE OF Fat ACID IN RAW MATERIALS, 
MorTAR AND CONCRETE. 


First Series of 1: 2: 4 Concrete Cylinders with Proportions of Water- 
proofing Specified by Manufacturer. 





% fat acid % fat acid 





% fat acid n mixing in concrete 

Designation Proportions in paste water as mixed 
A 1: 36 vol. water 19.2 0.42 0.030 
B 1: 36 vol. water 22.6 0.59 0.051 
C 2% wt. cement 13.7 0.43 0.035 





Second Series of 1: 2: 4 Concrete Cylinders and Blocks of 1: 3 Mortar With 
Double the Proportions of Waterproofings Specified by Manufacturers. 





A 1: 18 vol. water 19.2 0.84 0.076 
B 1:18 vol. water 22.6 1.18 0.109 
C 1: 18 vol. water 13.7 0.76 0.070 





The tests cited above indicated the importance of initial curing con- 
ditions but it seemed desirable to make a new series with amounts of soap 
more clearly comparable with current practice. In the earlier set the soaps 
used were prepared in the laboratory but for this series commercial soaps 
prepared for waterproofing concrete were used. 


Tests with Commercial Soaps as Integral Waterproofings. 


Three commercial soaps were tested, all furnished in the form of pastes 
which were added to the mixing water. A and B were aluminum soaps 
emulsified by ammonia and C was an ammonium soap. In the first series 
of 1: 2:4 compression cylinders the soaps were added in the proportions 
specified by the manufacturers for mass concrete. Twice the amount speci- 
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fied was used in the second series of 1: 2: 4 compression cylinders and in 
the 1: 3 mortar used for blocks and expansion bars. The data relating to 
the proportion of fat acids in the pastes and in the mixed concrete are 
given in Table V. It will be noted that the amount of fat acid recommended 
for mass concrete varies from 0.030 to 0.051 per cent of the weight of the 
concrete when poured. 

Tests of Permeability.—Tests of permeability to water under pressure 
were made on one-foot cubes of 1: 2: 4 concrete made from washed sand 
and gravel with water containing the amount of soap specified by the man- 
ufacturers for mass concrete. Sufficient water was used to give a four-inch 
slump. Blocks of plain concrete were made in the same manner as those 
containing soap. Steel inserts made from 3-in. pipe nipples and adapters 











FIG. 1.—APPEARANCE OF CUBES AFTER PERMEABILITY TEST. 


were embedded in the concrete as shown in Fig. 1. The large open end of 
the inserts was closed with a porous disc made of Ottawa sand mortar, 
mixed in the proportions of 1: 6 by weight and reinforced with iron gauze. 
This dise was attached to the steel insert by means of neat cement paste. 
The concrete was placed in the cubic foot forms to a depth of 4% in. and 
the steel insert put in and held in place by means of a bracket. The steel 
insert was then completely covered with approximately %4 in. of neat 
cement paste to prevent leakage of water along the steel and the form 
filled with concrete. All specimens were left in the forms for -2 days, then 
placed in damp sand for 5 days, and then placed in air of the laboratory 
until tested at the age of 28 days. 

Two sets of blocks were tested. The first set started with water at 
low pressure and the pressure was increased at intervals to 40 lb. per 
sq. in. No moisture having appeared on the surface of any specimen, the 
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test was discontinued after 24 hours and the blocks were split open with a 
hammer and chisel. Visual inspection of the broken surfaces showed that 
the penetration of water was somewhat deeper in the specimen made with- 
out waterproofing. A second set of blocks was then tested under the full 
city water pressure which fluctuated between 40 and 60 lb. The pressure 
was maintained for 36 hours and no moisture having appeared on the 
surface of any specimen, the blocks were then split open as before. Their 
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FIG, 2.-WATER ABSORPTION OF BLOCKS OF 1: 3 MORTAR SHOWING INFLUENCE 
OF SOAPS USED AS INTEGRAL WATERPROOFING. 


appearance immediately after splitting is shown in Fig. 1 where D is the 
specimen of plain concrete and A, B, and CO are the specimens made up with 
the soaps bearing the corresponding letter. It is seen that the water had 
penetrated the plain concrete for a distance of about two inches on one side 
of the pipe and that it had not penetrated half that far in any of the 
other specimens. The test is confirmatory evidence of the ability of well- 
made 1: 2: 4 concrete to resist penetration by water if it is properly cured 
and if the layer of concrete is sufficiently thick. The colloid swells when 
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it comes in contact with water and interposes so much resistance that the 
penetration of water finally ceases. It is also to be noted, however, that 
even in concrete as carefully made as these test specimens, lack of uni- 
formity was made evident by uneven penetration of the water. The addi- 
tion of soaps to the mixing water decreased the penetration of the water 
in every case in this set as well as in the first set which is not pictured 
here. 

Tests of Water Absorption by 1: 3 Mortar.—The purpose of these tests 
was to determine the effects of these soaps on absorption of moisture 
through capillary action. Rectangular blocks with a base of 4 in. and a 
height of 6 in. were prepared from a mixture of 1 part of cement by 
weight to 3 of Ottawa sand. The waterproofings were added in the pro- 
portion of 1: 18 of the volume of the water, this being twice the quantity 
recommended for mass concrete. The percentage of fat acid in the mixing 
water and in the mortar may be obtained from Table V. The water ab- 
sorptive properties of these blocks were tested by placing the dry blocks on 
wet sand in a covered box and determining the rate of rise of water 
through capillary action by visual observation and by the increase in 
weight. The blocks were removed from the moulds after 24 hours and pairs 
were separated for treatment. One member of each pair was allowed to 
stand in the air of the laboratory for 17 to 19 days and the other was 
kept damp for 7 days before being allowed to become dry. Both sets were 
then placed on damp sand to test their water absorptive properties, and 
later dried again and subjected to further treatment. Sixteen blocks or 
eight pairs were made and tested in this manner from Ottawa sand. Six- 
teen other blocks were made in a similar manner from natural sand. Lack 
of space prevents the presentation of these results in full and only the 
results of four pairs are expressed graphically in Figs. 2 and 3. In both 
figures the letters A, B, C represent the blocks waterproofed with the soap 
of the same designations. The letter D represents the blocks of plain 
mortar without waterproofing. 

The history of four pairs of these blocks is shown graphically in Fig. 2. 
One block of each pair was kept damp for the first 8 days after it was 
cast, while its companion was allowed to dry out in the room air as soon 
as it was taken from the mould and was left in room air for 21 days. The 
conditions of later storage were equalized so that each block, while in a 
dry state, was placed on damp sand and allowed to absorb water for 18 
days, was then immersed in water for 10 days, then dried in air for 20 
days, and finally crushed when 82 days old. The value of the initial storage 
of 8 days in damp air is shown in several ways. The rate of absorption of 
water through capillary action is shown in Fig. 3, both by the curve of 
change in weight and by a diagrammatical representation of conditions as 
shown by a visual inspection of the blocks. It will be noted that in the 
block D7 of plain mortar, the water rose nearly to the top of the block 
after standing 7 days on damp sand. This was the block which had been 
vlaced in air immediately after removal from the mould, The companion 
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block D6 which was kept damp for the first 8 days of its existence only 
allowed the water to rise to about one-sixth of its height in the same 
period, because of the better development of the colloid. The blocks con- 
taining the soaps A, B, and C were, however, able to prevent the absorption 
of moisture quite completely, even in the case of the blocks with initial 
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FIG, 3.—DETAIL OF FIG. 2 SHOWING INFLUENCE OF SOAPS USED AS INTEGRAL 
WATERPROOFING ON ABSORPTION OF WATER BY BLOCKS OF 
1: 3 MORTAR THROUGH CAPILLARITY. 


storage in air as is shown by the details of Fig. 3 as well as the curves 
of Fig. 2. 


The value of the waterproofing is shown also on immersion of the 
blocks. The blocks D6 and D7 without waterproofing absorbed water on 
immersion so that their weight became about one per cent greater than the 
initial weight. The blocks C6 and C7 absorbed water to about their initial 
weight while the blocks A6 and B6 and the blocks A7 and B7 failed to at- 
tain their initial weight by from one to two per cent. The value of the 








550 Soaps as INTEGRAL WATERPROOFINGS For CoNORETE. 


soaps is, therefore, distinctly shown in the case of the blocks which became 
dry soon after they were made. The soap was undoubtedly effective in the 
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other blocks which did have their colloid developed by curing in damp air 
for eight days, but in this latter series the soaps were not called on to 
prove their value. They acted merely as a line of secondary defense. 
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The figures for compressive strength of these blocks, all of which were 
crushed at the age of 82 days, also showed the effect of initial conditions 
of curing and are given in Table VI. The blocks cured wet for the first 8 
days were all stronger than the companion blocks allowed to dry out at 
once after removal from the mould, and the difference in favor of the blocks 
cured wet was greater in the case of the waterproofed blocks than in the 
case of those that were not waterproofed. The blocks containing soaps 
A and B which were allowed to become dry as soon as removed from the 
mould showed only 78 per cent of the strength of the companion blocks 
cured wet for the first 8 days while the blocks cured dry without water- 


TABLE VI.—EFrrFrect oF INITIAL CURING CONDITIONS ON COMPRESSIVE 
STRENGTH OF BLOCKS OF 1: 3 MorTAR CRUSHED AT AGE OF 82 Days. 








Compressive 
strength and Relative Com- 
conditions of pressive strength 
initial storage of dry blocks 
Designation Damp Dry 
A 4667 3658 78 
B 5306 4179 78 
Cc 5083 4325 -86 
D 6000 5312 88 





The A, B, and C blocks contained soaps in double the amount recommended 
by the manufacturer. The D blocks did not contain any soap. 


proofing showed 88 per cent of the strength of the blocks cured in the wet 
state initially. Waterproofing C was not as effective as A and B. The 
later treatment of the blocks permitted those without waterproofing to 
gain strength more rapidly because the soaps prevented free access of water 
to the blocks containing them. This series of blocks is referred to again 
in the general discussion and the results on the three other sets, each of 
eight blocks are also discussed in the same place. The effect of soaps on 
cylinders of concrete cured under identical storage conditions is discussed 
in a following section. 


The Effect of Soaps on Expansion and Contraction of 1:3 Mortars. 


At the same time the blocks were made from 1: 3 mortar as described 
in the preceding section expansion bars four inches long and one inch square 
were made from the same mortar for a study of volume changes. Both the 
length and weight of these bars were observed in an attempt to study the 
correlation between the two sets of changes. The general conclusion is 
that the soaps retarded the penetration of water but that if sufficient time 
was allowed the changes in volume and weight of these small bars became 
substantially the same whether soaps were incorporated or not. The more 
porous mortars made with Ottawa sand showed less elongation than the 
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denser mortars made with well graded natural sand in accordance with the 
usual experience. The effect of the waterproofings is shown most clearly in 
the rate of absorption when immersed in water. This is evident in Fig. 4 
where the water absorption of a set of four bars is shown. These were 
placed in water for 6 days after removal from the moulds, then in dry air 
for 16 days and were then immersed in water with the results plotted in 
Fig. 4. The bar D without waterproofing gained nearly all of its final in- 
crease in weight and length in the first hour whereas the waterproofed bars 
gained only about half of their final increase in weight and one-third of 
their increase in length in the same period. The curves of Fig. 4 show the 
development of the expansion during the first 24 hours of immersion. After 
48 hours the increase in length of the various specimens had become sub- 
stantially equalized. These changes of length with absorption of water are 
characteristic of all structures made from portland cement and cannot be 
prevented if the moisture content changes. The only way to prevent vol- 
ume changes is to keep the moisture constant. 

The general result of all these tests on bars of small cross-section, is 
that waterproofing with an insoluble soap retards the penetration of water 
on immersion to a marked degree and retards to a still greater degree the 
expansion which always follows absorption of water. The waterproofing, 
however, merely retards and does not prevent the absorption of water by 
these small units. If small bars like these are immersed for a sufficient 
time, the waterproofed bars will finally expand to practically the same 
lengths reached by the plain mortar in a shorter time. Blocks of large size 
which contain soaps as waterproofings will absorb water more slowly and 
will not permit of such deep penetration of the water. Large blocks which 
have been waterproofed may therefore show very little change in volume 
even on long immersion, because the penetration of water has been stopped 
a short distance below the surface. 


Compressiwe Strength of Cylinders of 1:2: 4 Concrete With and Without 
Soaps as Waterproofings, and Cured under Identical Conditions. 


Standard 6 x 12-in. cylinders were made in the proportions of 1: 2: 4 
by volume from the same material used for the large cubes tested for 
permeability. In the first series soaps were added to the water in the pro- 
portions specified by the manufacturers as given in Table V. Cylinders 
without waterproofing were made for comparison. Water enough to make 
a 2%4-in. slump was used and all of the specimens were cured in the form 
for 2 days, then removed and placed in damp sand up to the age of 7 days. 
Those tested at ages greater than 7 days were cured for the remainder of 
the time in the air of the laboratory. Three cylinders from each lot 
were broken at a time and the average results are reported in Table VII. 
It is seen that waterproofing A did depress the compressive strength but 
that the other two did not affect it within the limits of error of the work. 

When it was seen that the quantities of waterproofing recommended by 
the manufacturers did not have a marked effect on the compressive strength. 
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a second series of cylinders was fabricated with the same proportions as 
the first series except that the amount of waterproofing was approximately 
doubled and somewhat more water was used in the mix so that the slump 
was about 4 in. Figures showing the amount of waterproofing are given 
in Table V. The cylinders were kept 2 days in the form, then stored in 
damp sand for 5 days and the balance of the time in air. Details of com- 
pressive strength are given in Table VIII. 

It is to be remembered that these cylinders contained about double the 
amount of soaps recommended by the manufacturers. The compressive 
strength at 7 days was diminished in every case by the waterproofings but 


TABLE VII.—COMPRESSIVE STRENGTH OF FIRST SERIES OF CYLINDERS OF 
1: 2: 4 CONCRETE WITH AND WITHOUT ADDITION OF 
SoAPs TO THE MIXING WATER. 


The soaps were added in the proportions recommended by the manufac- 
turers and the cylinders were kept damp for 7 days and the balance of the 
time in air. 





Compressive Strength in Pounds per Square Inch 


Waterproofing 
Age when Tested A B Cc None 
7 days 1352 1551 1463 1519 
28 days 2320 2908 2690 2778 
70 days 2957 3093 3132 3197 

Relative Strength 

* 7 days 89 102 96 100 
28 days 84 104 97 100 
70 days 92 97 98 100 
Average 88 101 97 100 


the inferiority disappeared considerably at the later periods. If the results 
from the four periods, 28 days, 90 days, 1 year, and 2 years are averaged 
the relative strength for the cylinders waterproofed with B and C is 96 
respectively, while A is 81. These results will be analyzed more closely 
in the following section of this paper. 


General Discussion of Effect of Soaps on Strengths. 

The blocks of 1:3 mortar which have already been described were 
crushed when they were 80-83 days old after having been subjected in 
groups of four to various conditions of storage. The history of two of 
the groups is shown graphically in Figs. 2 and 3. Each group comprised 
one block for each of the three waterproofings and one block with no water- 
proofing. There were two series, one made from Ottawa sand and one from 
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a good quality of natural sand. The amount of mixing water used was 
constant for each series, and a record of the changes in weight was kept. 
The blocks were thoroughly air-dried before crushing and the increase in 
weight over the weight of the raw materials gives an approximation of the 
amount of combined water at that time. The compressive strength of the 
blocks is plotted against this percentage of combined water in Figs. 5 and 6. 
In these figures as in the others the letter D stands for the plain mortar 


TABLE VIII.—CoMPprESSIVE STRENGTH OF SECOND SERIES OF CYLINDERS 
OF 1: 2: 4 CoNCRETE WITH AND WITHOUT ADDITION 
OF SOAPS TO THE MIXING WATER. 


The soaps were added in about double the quantity recommended by 
the manufacturer and the cylinders were kept damp for 7 days and the 
balance of the time in air. 





Compressive Strength in Pounds per Square Inch 


Waterproofing 
Age when Tested A B Cc None 
7 days 1191 1331 1305 1671 
28 days 2114 2320 2578 2585 
90 days 2210 2780 2827 2923 
1 year 2184 2566 2287 2357 
2 years 2240 2293 2277 2577 
Relative Strength 
7 days 71 80 78 100 
28 days 82 90 100 100 
90 days 76 95 97 100 
1 year 93 109 97 100 
2 years 87 89 88 100 
Average at 
all ages 81 93 92 100 
Average at ages 
after 7 days 84 96 95 100 





with no waterproofing and the letters A, B, and C stand for the respective 
waterproofings. It will be seen that the crushing strength varies directly 
with the combined water both in the set with Ottawa sand and that with 
natural sand. The blocks without waterproofing, marked with the letter 
D, show the highest strength because of their ability to absorb water 
rapidly when opportunity offered and therefore resume the hardening proc- 
ess. The blocks containing soaps had lost this ability to absorb water, and, 
therefore, did not become so strong. These two series afford quantitative 
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evidence of the need for keeping waterproofed concrete wet until it has 
attained a reasonable strength. After it has become dried, it will absorb 
water very slowly and hence gain strength very slowly. 
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The study of the compressive strength of the cylinders of 1: 2: 4 con- 
crete which has been previously reported showed that the soaps B and C 
had practically no harmful effect on the strength of the concrete when used 
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in the proportions recommended by the manufacturers and only a slight 
effect for ages beyond seven days when twice the recommended amount was 






































6500 
c000 
Zz 
o 
” 
w 
G 3500 
8 +/ O 
/ 
: 5000 P 
”) x 
wW 
> 
% 4500 
w 
f ® 
5 + 
VU 
4000 
3 
mes ¢ 3 3 a 


Comsineo Water, Pere Cent 
A~x° B= + ¢€-@ O-0 
FIG. 6.—-COMPRESSIVE STRENGTH OF 1: 3 MORTAR BLOCKS, MADE WITH GRADED 


SAND WITH AND WITHOUT WATERPROOFING AS A FUNCTION 
OF THEIR PERCENTAGE OF COMBINED WATER. 


used. In both of these series of cylinders, soap A did show a harmful effect 
on the strength. The members of both of these series had been stored 
under identical conditions. The chemical composition of A did not differ 
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much from B and did not give any apparent explanation of the discrepancy. 
Fortunately a careful record had been kept of the weights of these cylin- 
ders, and the weight at time of testing is plotted against compressive 
strength of the first series of cylinders in Fig. 7. Each point represents the 
average weight and strength of three cylinders and is therefore fairly rep- 
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resentative. It will be seen that the cylinders made with the A water- 
proofing show the lowest weight as well as the lowest compressive strength 
in every case. The second series of cylinders made with natural sand con- 
firms this result, but is omitted from this paper because of the limited 
space. The explanation of the low strength with waterproofing A lies in 
its tendency to foam during the mixing process thus entraining air in the 
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concrete and making it weaker. The other waterproofings did not show 
this foaming tendency and therefore did not cause any material weakening 
of the concrete. The same behavior is to be noted in the blocks of 1: 3 
mortar. All of the eight blocks waterproofed with A have the lowest 
compressive strength, and all but one of them the lowest weight of their 
respective series. 


Conclusions. 


Soaps added in the concrete mixer are effective in preventing the ab- 
sorption of water by capillary action, even when added in very small 
amounts if they are added in such a form as to ensure extremely fine sub- 
division and dispersion in the finished concrete. As little as 0.05 per cent 
of fat acid in the form of soap based on the weight of concrete is sufficient 
if it is finely divided and uniformly distributed, and if the concrete is well 
made and not cracked. Soaps will not in themselves entirely prevent the 
penetration of water under even rather slight pressure but they will be of 
assistance. If the concrete is well made and thoroughly cured, the colloid 
near the surface swells when it becomes wet and filis the pores so com- 
pletely that the penetration of water may stop before the water has pro- 
gressed many inches from the surface, even if the concrete is not water- 
proofed. 

This ability of plain concrete to resist water comes only with time and 
the development of sufficient colloid to fill the pores. Concrete which be- 
comes dry within a few days after it is made does not possess sufficient 
development of the colloid to prevent the absorption of water. Soaps are 
as effective in fresh concrete as in that which has aged and assist in pre- 
venting the penetration of water even under pressure. Insofar as the con- 
crete becomes wet it expands, and it contracts when it becomes dry, irre- 
spective of the presence of soaps, which are effective only in preventing 
access of water. 

The strength of concrete is not impaired by the addition of soaps in 
the proportions stated above, provided it is kept damp continuously after 
pouring until it has attained the desired strength and provided the soaps 
have not caused foaming and consequent entrainment of air. The strength 
of concrete of a given composition is a function of the amount of cement 
which has reacted with water and may be plotted as a function of the 
water held in combination. Plain concrete which has been allowed to dry 
and subsequently becomes wet will resume the hardening process and gain 
in strength. Concrete containing soaps gains strength very slowly after it 
has once become dried because it resists the absorption of water. Special 
pains must, therefore, be taken to keep concrete containing soaps damp for 
at least seven days if it is to attain a strength comparable with plain 
concrete. 

The shrinkage of concrete on drying is a function of the quantity of 
cement and the degree of its hydration and will not be lessened by the use 
of soaps. The same precautions must therefore be taken to prevent shrink- 














Soaps AS INTEGRAL WATERPROOFINGS For CONCRETE. 559 


age cracks in waterproofed as in plain concrete. Soaps are not able to 
prevent the penetration of water through cracked concrete. They will re- 
tard the penetration of water into dry concrete, and therefore will be help- 
ful in preventing volume changes due to alternate exposure to wet and dry 
conditions in structures such as stuccos and pavements. If the concrete is 
kept damp, as all concrete should be, until it is properly cured, there should 
be only slight diminution in strength due to the waterproofing. Conditions 
may readily arise in service where the waterproofed concrete will be dis- 
tinctly stronger than the plain concrete. A concrete slab wet and expanded 
on one side and dry and contracted on the other side is subject to powerful 
shearing stresses which weaken it materially. A slab which is waterproofed 
should not absorb water to nearly the same extent and therefore should 
not be weakened so much under similar adverse conditions. 
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CORRELATED CONSIDERATIONS IN DESIGN AND CONSTRUCTION OF 
CONCRETE BRIDGES. 


A. Burton CoHEN.* 


SYNOPSIS. 


It is the purpose of this paper to emphasize the importance of corre 
lating problems in design and construction of concrete bridges. The term 
design should imply, not only an acquired aptitude for determing theo- 
retical shapes, but a somewhat instinctive understanding of the problem in 
construction. By correlating these interdependent considerations, the ‘full 
meaning of the term design is realized, and results obtained are in direct 
proportion. 

The possibilities in the development of concrete of obtaining effectual 
economic and architectural values in bridge work are unlimited. Struc- 
tures may be molded to fit the particular peculiarities of the site with a 
fine balance of these controlling values. Each problem permits a char 
acteristic solution applicable to the wide variables as they are found in 
topographical and in a multitude of other differences of the site and to 
contiguous conditions. So-called “standard designs” are precluded. Any 
treatise, therefore, attempting to establish fixed relations between design 
and construction features would be a futile effort. The fact remains that 
every bridge project in concrete has this problem to meet. 

If the structure is to be built in a highly congested district, there is 
the problem of reducing to a minimum, first, the danger and then the 
inconvenience to the traveling public; if over a stream of a particularly 
turbulent nature, there are the extreme hazards of construction in flood 
time. A reduction of these hazards is the culminating aim of good design 
and should be made, if necessary, at a sacrifice of seeming economies in 
theoretical design. The solution calls for the proper determination of 
construction joints and the stability of the structure therewith; it should 
be possible to subdivide the work to give continuous uniform operations 
with a constant minimum labor force. Coincident with the fixing of con 
struction joints are the related considerations of drainage, waterproofing 
and expansion joints. 

To emphasize these important factors, the writer will describe the 
manner in which they were adjusted in various bridge projects with which 
he has been identified. 


*Consulting Engineer, New York City. 
(560 ) 
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INTRODUCTION. 


The adoption of concrete for use in bridge construction implies, among 
other aims, an endeavor to secure architectural values. The first impres- 
sion formed of a completed structure concerns these values. There seems 
to be a more stringent requirement of structural perfection, in the appear- 
ance at least, of a concrete structure than on one built of other material. 
This holds true not only for bridges, but for all other structures as well. 
A slight irregularity may develop at a construction joint where the work 
was stopped for the day due to a spring in the forms, or efflorescence may 
develop there. These are considered serious faults, but little is said of 
similar faults even in an exaggerated condition, as they occur in structures 
built of stone or brick. 

Of greater consequence are the leaks that may develop at construction 
and expansion joints in floor systems or parapet walls of bridges due to 
improper design of the waterproofing. Surface disintegration starts with 
the alternate thawing and freezing of the percolating water. These joints 
necessarily are placed adjacent to a highly ornamental feature of the 
bridge, usually a monumental pilaster surmounting the face of a pier, and 
the slightest disfiguration at this point is most noticeable. The prevention 
of these disfigurations, which in time may reach the magnitude of a fail- 
ure, are not field problems. They are essentially problems in design. The 
structural and architectural parts cannot be proportioned without due 
consideration to these features. The waterproofing problem, and this im- 
plies the use of a membrane system, cannot be solved properly after all 
the structural members have been proportioned. 

Why waterproof concrete bridges? Here is a second motive for adopt- 
ing concrete—the endeavor to obtain permanence. The word permanence 
as applied to the life of structures carries with it a relative meaning. As 
generally used, it has an exaggerated meaning. The word longevity better 
expresses this so-called motive of permanence, 

Experience with concrete covers a comparatively short period. Re- 
sults, however, in the past generation have been so satisfactory as to war- 
rant certain conclusions with regard to the life of concrete. The cause of 
many failures of earlier experience has been traced to impurities or un- 
soundness of all the elements, or to constituent parts of the concrete. Tests 
have been prescribed that preclude such failures. Other investigations and 
developments have been made that guarantee a fairly definite strength by 
the proper proportioning of the aggregate and by regulating the cement- 
water ratio. These regulations of the art guarantee within reasonable 
limits, a safe and sound material of indefinite life. Referring to structures 
of appreciable size, it might be said that waterproofing would be unneces- 
sary—if the structure could be built in continuous operation, precluding 
construction joints; if there were no shrinkage in the setting of the con- 
crete that causes incipient cracking; if expansion joints were unnecessary. 
These joints and cracks are the vulnerable spots and need protection 
against the disintegrating effect of the water draining off a structure. 
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Allied with these considerations is a further precaution in providing ample 
drainage facilities to carry off the water. 

A third motive, adaptation, relates to the potentiality of concrete as it 
may be adjusted and fitted to the irregularities of the site or the many 
different geological conditions that may be encountered. The salient char- 
acteristics of concrete in its plastic state, which permits molding the 
structure to fit the site, has revolutionized bridge construction and has 
made possible great engineering projects. There are so many features 
obscured to the observer in reviewing a structure as they deal with the 
measure of adaptation. Many prevailing factors are hidden behind walls 
or buried under ground. The finished structure never reveals the many 
important considerations that controlled the method of construction and 
the hazards accompanying their eventual consummation. They may be of 
different magnitude for the same final result, depending upon the features 
that may be considered under the motive of adaptation. This factor alone 
has more influence in determining the cost and the successful completion 
of the structure than any other factor or combination of factors. 


ARCHITECTURE. 


There is no intent here to discuss architectural values in concrete 
bridge design from the standpoint of correct orders or technique of com- 
position. However, there is required of the engineer a well grounded 
appreciation of fundamental architectural composition because of the many 
factors in the preliminary determination of the structural skeleton of the 
concrete bridge. 

General balance in these determinations is a function of the engineer. 
A definite relation exists between adaptation, on the one hand, heretofore 
classified as the molding of the structure to fit the peculiarities of the 
site, and architectural values on the other hand. In the case of an arch 
bridge, the superimposed loading of the floor system and the relation of 
the length of span to the height of the structure, affects the shape of 
the main arch member. The arch can be bent and shaped, so to speak, 
to adjust its neutral axis to the curve of loading and give approximately 
uniform pressures throughout the width and length of the arch ring. 
When these considerations are effectually determined, graceful general com- 
position and maximum economy ensue. The decided impression of beauty 
then follows in logical sequence, the amount of which depends upon the 
necessities of the occasion. 

With the molding of the architectural composition comes the delibera- 
tion relative to minimizing the work and difficulty, first, in the building 
of the forms, and finally, in their removal. The motive of longevity, to 
preserve these impressions of beauty, is then in order. This will be the 
extent of the consideration given to the subject of architecture. 

A camber in the floor system may be used to good advantage in 
gaining additional headroom or vertical clearance for an overhead high- 
way bridge at railroad crossing or additional waterway for structure over 
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a stream. The grades forming the camber ascending from either end of 
the bridge have a fine purpose in accelerating drainage of the roadway 
surface. In addition the camber has an architectural value. Given a level 
floor, coping and balustrade, their horizontal line in elevation has the 
appearance of sagging at the crown or center of the main arch. The 
camber nullifies this optical illusion. 

The balustrade, an important but comparatively small feature in deco- 
rative art, is taken as an example to illustrate considerations in form 
design. The question usually arises in the choice between one cast-in-place 
or the alternative, built of precast sections. Preference given to the cast- 
in-place type seems justified in consideration of greater esthetic possibili- 
ties, and from the standpoint of strength and protection. In these days 
of intensive automotive transportation, a substantial guard rail is a pre- 
requisite structural component which combined with a high curb affords 
a safeguard for unmanageable vehicles tending to plunge over the parapet. 

Esthetic considerations in design of balustrades generally require sharp 
edges for projecting members of small dimension. Much of the character 
of the railing is lost by placing excessive corner moldings in the forms 
to chamfer these edges. The sharp edge can be obtained, but in so doing 
extreme care is necessary in perfecting the forms and in puddling concrete 
while it is being poured. Tamping the outside of the forms with a wooden 
mallet helps materially to secure good results. But this result cannot be 
obtained if the forms are not easily removed. To this purpose the angle 
formed by any projecting or offset member should be made slightly greater 
than a right angle. Where the projecting member is supported by a curved 
surface, the interior angle of the curve should be less than 90 deg. These 
considerations were given in design of the balustrade, a section of which 
is shown in Fig. 1. There was very little fracture to the sharp edges 
when the side forms were removed and these fractures were satisfactorily 
repaired in rubbing of concrete immediately after the removal of forms. 

The top surface of the rail member is shaped to the form of a curve. 
Either the curved surface or an apexed surface formed by inclined planes 
could properly have been chosen. One important reason, an aspect of 
workmanship, may be advanced for the preference given to the curved sur- 
face; that the inevitable irregularities of finish are not so noticeable. The 
troweling of the apexed surface may be practically perfect, but slight sub- 
sequent shrinkage or settlement of the concrete in the forms has a tendency 
to twist or distort the line of apex in the most conspicuous manner. 

The openings of the balustrade are formed by steep beveled sides, 
apexed at the center of the railing, which facilitate the withdrawal of 
their form blocks, arranged in pairs. Placed together, the form blocks 
are bolted to one of the side form panels, the bolt heads being counter- 
sunk in the block to give close bearing of the block with the other side 
form panel. The blocks are shown in position bolted to side form panel 
in one of the photographs of Fig. 1. The blocks are readily adjusted to a 
different grade of the balustrade by drilling another set of holes in the 
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FIG. 1.—HUDSON COUNTY BOULEVARD BRIDGE BALUSTRADE, 
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side panel. The pair of bolts through each set of blocks holds them sub- 
stantially in place during the ramming of the concrete. Another set of 
bolts at greater intervals pierce them and the side form panels in holding 
the entire unit together. 

These main tie bolts are pulled, and both side form panels removed by 
rotating slightly about their base, 48 hours after the forms are filled. 
The bolt nuts holding the blocks forming the openings in the balustrade 
to one side form panel are removed first and when the side panel is pulled 
off, the blocks remain in the concrete. After the concrete has seasoned 
four or five days, the blocks are loosened merely by tapping. 

Each balustrade panel or section between posts is a monolithic unit 
sustantially reinforced and held in place by vertical bars in each baluster 
and horizontal bars through the rail and base. These horizontal bars are 
not continuous through the balustrade posts. A shallow reglet is formed 
in each post to hide the construction joint between panel and post and 
the reglets are lined with two-ply of tar paper to permit minute increments 
of movement due to temperature changes. 

The main parapet coping as shown in drawing, section of balustrade, 
Fig. 1, is carried 6 in. above the sidewalk level forming a dike to prevent 
the water of melting snow or driving rains from reaching the outer sur- 
face of parapet or facia walls of the bridge, which would take place 
through the construction joint between coping and balustrade if the top 
of the coping were placed on a level with the sidewalk. In this design the 
main floor slab of the bridge is carried through to the parapet, the side- 
walk and curb being built after the waterproofing membrane and its 1% in. 
of concrete protection has been laid. The waterproofing membrane is 
brought to a good termination in construction joint between the sidewalk 
and the coping. 

The proper termination of the waterproofing membrane requires con- 
siderable study as there is always the danger of water working its way 
behind and under the membrane. By bringing the waterproofing up the 
inside of the coping and clamping it down by the sidewalk slab, there is 
little danger of such a failure. A failure is also minimized by locating the 
termination at a point of least water accumulation. 

A “V” molding is placed on the underside of the coping to form a 
drip for water falling on the outer surface of the railing and coping and 
thus preventing this water from following along the underside of the cop- 
ing to the parapet walls and causing ugly disfiguration by streaking it 
with dirt accumulations carried with it from the coping and balustrade 
surfaces. 

Referring again to the balustrade illustration of Fig. 1, it is evident 
that no attempt was made to hide the main expansion joint of the floor 
system as it is carried vertically through the balustrade. The openings of 
the balustrade are so proportioned that the center of one is in the vertical 
plane of the expansion joint giving least amount of detraction archi- 
tecturally, 
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Expansion joints in floor systems of bridges and in facia walls of 
other concrete structures fix salient characteristics in structural design. 
They are located in a particular position as best fitted to take up movement 
due to temperature changes, their position and number depending upon 
the size and configuration of the entire structure. Serious defects are 
possible if irrevocable architectural composition has been conceived before 
these essential provisions have been made; if their importance is not fully 
comprehended or is under-rated or they are neglected in favor of seeming 
economies in design based on continuity of spans or otherwise. These 
defects appear in the form of irregular cracks occurring indiscriminately 
to deface and eventually to impair the strength of the structure. In some 
structures, expansion joints may be hidden or composed within architec- 
tural features so as to hide them from view if considered unsightly. The 
method of concealing the joint must be simple and direct. Sliding sur- 
faces in contact invariably miscarry. It will be found that almost every 
effort to fully conceal these joints presupposes unusual care in construction. 

The subject could be carried on at great length. Examples could be 
shown of set back planes at construction joints to hide what would other- 
wise result in uneven, unsightly joints. In structures built in outlying 
districts where small plant and small daily operations are imperative, or 
in large operations such as piers where many daily operations are neces- 
sary to complete the shaft, there are the construction joints resulting from 
these multiple operations. They can be effectually hidden by horizontal 
rustications form by V-shaped moldings nailed to the inside of the forms. 
Each operation is stopped at the apex of the “V,” thus concealing the 
construction joint and giving pleasing architectural effects. 

The requirement that plans of the structures contemplate these joints 
is further influenced by details controlling the lengths of the reinforcing 
steel, With the position of the construction joint fixed the length of the 
reinforcement is also fixed so that only the lap required to develop ade- 
quate bond protrudes beyond the joint. Long dangling rods at these joints 
seriously handicap the construction by imposing difficulties in the holding 
of these rods in position and in pouring concrete between them. 

There is a broad field for ingenious effort in correlating structural 
and architectural design to fulfill the strict requirement of structural per 
fection attached to concrete work, and to preserve this perfection in per 
petuity after it has been wrought. A most important avenue of preserva- 
tion deals with the prevention of surface disintegration resulting from 
water accumulating, then percolating through expansion and construction 
joints which will be discussed subsequently under the interdependent sub 
jects of expansion joints, waterproofing, and drainage. 


ADAPTATION. 
The motive, “adaptation,” may be resolved into three formational 
considerations as the concrete bridge design is adjusted to the irregularities 
of the site. They deal with geological, lineal and conditional irregularities. 
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Ascribe principally to geological irregularities their effect on the design of 
the foundations or footing plan; to lineal irregularities, the effect on the 
style or type of superstructure due to variations of terrain, limitations of 
lateral and vertical clearances and to the angle of crossing; to condi- 
tional irregularities ascribe the effect on the entire design, of limitations 
in construction including the fury of the elements—principally flood con- 
ditions—possible plant layout, and traffic maintenance requirements in 
congested districts—-pedestrian, vehicular and railway. 

The limitations included in geological and lineal considerations are 
existent and interdependent in every project and are confined alone only 
to small structures in outlying districts. The adjustment is a matter of 
balance in design and theoretical considerations dominate. 

Add the third consideration, the conditional irregularities, to the 
problem and the question of method of construction becomes the pre- 
dominating consideration. The question involves a desirable division of 
the work into constant workable daily operations, Construction operations 
carried on by artificial light and overtime effort of single shift of workmen 
should be prevented if at all possible. It also involves the consideration 
of minimizing the hazards during construction, a factor largely controlling 
the cost and the measure of success of the work. Even a fairly remote 
possibility of a failure causes disorganizing and trying predicaments tend- 
ing to upset the aim and progress of construction program based gen- 
erally on fortunate rather than the unfortunate breaks. Above all the 
safety of life and limb is involved. 


Type SELECTION. 


This subdivision of interest fully considered would lead to infinite 
ramifications which is deemed unnecessary to the ultimate purpose of this 
paper. Among the series of plates prepared to illustrate the theme, there 
are those which outline rudimentary shapes. It is possible to take these 
shapes combined with counterfort, cantilever, and other fundamental, long 
standing structural ideas reproduced in concrete and build up a structure 
symbolizing the aspired motives previously outlined. 

Attention is called to Fig. 2 which contains the following rudimentary 
shapes as applied to railroad loading. A in Fig. 2 represents a section of 
an arch invert culvert built on earth foundation and carrying load of 
deep fill. On railroad relocation this type was built under fills of 100 ft. 
in depth. The arch opening varied from 3- to 8-ft. spans. The principal 
consideration in design was based on the assumption that the weight of 
the entire fill over the structure is carried by it and transferred uniformly 
to the base of the invert which is designed as a simple slab to resist the 
resulting uniformly distributed upward pressure over span of arch opening. 

B shows section of reinforced box culvert with railroad loading car- 
ried to the slab top by minimum ballast requirement. This type is applica- 
ble to spans of 8 to 12 ft. and greater if necessary. Usually, however, if 
greater spans are required and foundation bearing will permit, the rein- 
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forced side walls and invert are replaced by gravity abutments as shown 
by D where span of 20 to 30 ft. is indicated. The reinforced box type is 
used where scouring action of the stream is so pronounced that tendency 
prevails to undermine the abutment unless carried to unusual depth or 
protected otherwise. 

The box type is used also for pedestrian subways. The slab top is 
waterproofed by two-ply asphalt—saturated cotton cloth laid in three 
swabbings of hot asphalt resulting in a water repellent membrane or 
blanket about 3/16 in, in thickness. The waterproofing membrane is car- 
ried below the construction joint marking the slab seat and in the case of 
subways it is carried around the entire section if soil is highly saturated 
with water and it is necessary that dampness be excluded from interior 
walls. Either a layer of common brick, 1% in. of asphaltic mastic, or 
2 in. of concrete is laid over the membrane as a protection against possi- 
ble abrasion due to the sliding of ballast or fill, and to further preserve 
it from the disintegrating effect of varying atmospheric conditions. 

A section of a semi-circular arch span 24 to 40 ft. is shown in C. This 
type has been used under deep fills and elsewhere as clearances permit 
supported on earth, rock and pile foundations and set on crossing angles 
of extreme skew over highways and streams. Considering the size of 
abutments, the semi-circular arch gives better balanced structure for earth 
and railroad loadings than the arch of segmental, elliptical or other flat 
shapes. The assumptions used in spread of live-load through fills of appre- 
ciable depth give very light loading effect for weight of rolling stock. A 
wheel or axle loading is assumed spreading on a 1% to 1 slope in direction 
of track and multiplied for over-lapping of loads of adjacent wheels the 
amount depending upon the depth of the fill. This uniform longitudinal 
loading is again spread in the transverse direction over area bounded by 
same slope lines, 4% to 1, from the edge of ties and lapping loaded area 
due to loading on adjacent tracks is again considered. For flat top 
undercrossings of types shown in B and D, the live-load represented by 
wheel concentration is equated to a uniform loading and spread over a 
13-ft. width of slab, the distance center to center of tracks. 

A slight variation for the flat top undercrossing is shown in E when 
greater vertical clearance prevailed prompting tee-beam floor to reduce 
dead-load weight of fill and slab. Here the live-load of each track is car- 
ried by two beams. 

A combination of the box culvert and the semi-circular highway arch 
is shown by sections A and B of Fig. 3. This combination effects con- 
siderable saving where stream and roadway are in close proximity and 
structures are required for both under deep fills. As a matter of fact the 
stream can be diverted a considerable distance as a result of the saving in 
cost of its structure. One-half of Section A contemplates earth foundation 
and light fill and the other half rock foundation at appreciable depth and 
deep fill. For the latter case an additional amount of reinforcement 
placed in the roadway slabs counterbalances the horizontal component 
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of the arch thrust at this point making it possible to reduce the cost of 
foundations to rock by substituting pedestals for solid gravity abutment, 
which without the counterbalancing would continue to increase in width 
to rock. 


FOUNDATIONS. 


The specific geological iregularity which prompted the design of a 
double-barrel culvert with reinforced invert slab footings as illustrated by 
Sections C and D of Fig. 4, a large edition of the small semi-circular 
culvert as shown in A, Fig. 1, was as follows: 

Soundings at the site of the proposed culvert along relocation of rail- 
road, showed 8 to 10 ft. of loam and vegetable matter which was a 30-ft. 
stratum of blue gravel, with varying amounts of fine and sand and clay. 
At intervals, large boulders were encountered, making the driving of piles 
difficult. The high water mark and areas provided for by existing struc- 
tures along the river showed that 360 sq. ft. of waterway were necessary. 
A 40-ft. semicircular arch was proposed but under the heavy 110-ft. fill the 
maximum pressure on foundations was found to be far in excess of the 
safe carrying capacity of the soil. This being impracticable, the alternative 
was a 20-ft. twin arch. Even with this construction very large abutments 
would be necessary to keep the maximum toe pressure under six tons per 
square foot. Further investigation showed a heavily reinforced invert 
foundation to be not only more stable, but less expensive. By reason of 
this design the base of the foundation could be placed just below the sur- 
face of the gravel, with no possibility of the water undermining the 
structure, which might be expected if the abutments and pier were built 
independently of one another. Otherwise the foundations would have to be 
built at least 4 ft. deeper. The width of the abutments with the invert 
slab was reduced considerably and the amount placed in the invert span 
was less than the additional concrete that would be necessary to make the 
abutments without the invert wide enough for safe bearing and sufficiently 
deep to insure against scour. 

The center section was designed for a maximum fill of 90 ft. over 
the crown of the arch plus the light effect of engine loading distributed 
through the deep fill. The ring, abutment, pier and invert were propor- 
tioned for this one condition of loading. The line of pressure was every- 
where within the middle third section, therefore no tension existed in the 
concrete. The length of the center section, 40 ft. on either side of the 
center line, was determined by the distribution of the live-load, which 
was assumed as spreading through the fill at 4% to 1 slope from the ends 
of the ties. The remainder of the barrel was divided into three sections 
of about the same length, 40 ft., each section being designed for the maxi- 
mum vertical fill over it. The total] length of the structure face to face 
of the parapets is 309 ft. The fill over the structure was made on the 
usual 1% to 1 slope, but the length of the barrel was determined by the 
flatter slope of 12/3 to 1 to allow for sloughing of the high fill. 
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The total loads transferred to the center pier and each abutment were 
approximately equal, making the pressure on the base uniform. On the 
center section this amounted to 5.6 tons per sq. ft., and the slab for the 
20-ft. invert span was designed to resist this pressure. In the same man- 
ner the remaining sections of invert were proportioned for their respective 
decreasing loads without exceeding the working stresses of concrete and 
steel. It could be said of the structure with its proportional inertia that 
it would adjust itself without failure in the event of an appreciable settle- 
ment not at all unlikely under the circumstances. Similar adaptations 
in concrete might easily be a controlling factor in the realization of 
projects of unusual magnitude. 

Fig. 4 illustrates features in design of a multiple-span slab under- 
crossing where the controlling irregularity of the site was found to be an 
earth embankment of 10 to 12 ft. in depth supporting a highway over 
which four railroad tracks were to be carried. Since the profile of the 
track fixed minimum vertical clearances over the roadway and therefore 
minimum depth of floor, permission was granted to place column bents 
along curb and in the center of the roadway for reduction of span length 
and preclusion of girders between tracks. 

Governed by the condition that the filled ground had inadequate bear- 
ing value, despite the fact that the load over full width of the street was 
to be divided into five reactions, it was imperative to carry foundations 
through fill to original ground. Instead of a five point distribution of 
reactions the design adopted reduced this to a three point concentration by 
combining abutment and curb pier bent to effect a series of T-shaped 
footings shown in plan by B, and in various sections of A, C and D. 

The bent along the curb consists of a series of arched beams supported 
on columns 2 ft. x 3% ft. spaced 15 ft. center to center. The footing for 
this bent is a continuous reinforced beam, 2 ft. in depth by 5 ft. in width, 
for the entire length of the bent. This footing would be required if the 
bent were a separate unit used for similar structure where roadway is 
founded on natural surface ground minus the fill. Instead of a 30-ft. 
high gravity abutment carried through 4ll to retain the railroad embank- 
ment and support the end slab reaction, a counterfort abutment was con- 
ceived. Each counterfort, 2 ft. in width, was placed on a line with cor- 
responding columns of the curb bent and fashioned integrally with them 
by counterfort rib extension under the sidewalk shown in section at C. 
The longitudinal counterfort wall or facia abutment wall was carried only 
to the underside of the sidewalk leaving a wide open space between the 
counterforts for flow of railroad embankment, the major portion of its 
pressure being absorbed by the filled ground of roadway with equal diminu- 
tion of the overturning moment of its pressure as represented by force P 
as shown on left of A, applied against longitudinal counterfort wall above 
sidewalk. The footing of this counterfort, also 5 ft. in width, was com- 
bined likewise with continuous footing of the curb pier bent, the first 
forming the stem and the latter the head of a series of T-shaped footing 






























































574 DersigN AND CONSTRUCTION OF CONCRETE BRIDGES. 


increments, and so proportioned for maximum condition of loading that the 
resultant pressure of vertical reactions W, and W, of bent and counterfort 
respectively, combined with horizontal force P, is applied at the center of 
gravity of the tee resulting in uniform pressures throughout and fixed 
at a low unit to satisfy low permissible bearing value of original ground. 

Railroad loading imposes limitations in concrete bridge design where 
the vertical clearance or headroom available is limited, where the founda- 
tions are earth and conditional requirements call for single long span. 
This condition may prevail if the structure is to be placed in the saddle 
of a street depression with steep descending grades in the approaches which 
would determine the exclusion of columns in the center of the roadway. 
The same restriction might result from other traffic regulations. 


RAILROAD STRUCTURES. 


A of Fig. 5 gives some indication of this limitation showing minimum 
sections of a reinforced-concrete arch spanning a 54-ft. street. The vertical 
clearance over the crown of the roadway is 14 ft.; over the gutter it is 
13 ft. The depth of the crown section of the arch ring plus depth of full 
ballasted trach to top of rail is 4 ft. 1 in. The intrados is a five-centered 
curve approximating an ellipse. The arch curve was formed to the curve 
of loading or the pressure line to give the least amount of eccentricity of 
pressure from exceptional heavy locomotive loading placed over one-half of 
the span. Very heavy abutment sections are required and these sections 
would increase rapidly with increase of span. Weight alone is required to 
counterbalance the thrust of the arch and therefore the gravity abutment 
section is best adapted. The compressive stresses of the abutment are 
very low permitting lean mixture of concrete. 

The multiple-span slab bridge is used most effectively where railroad 
tracks are to be elevated in the elimination of grade crossings. A first 
and foremost consideration in these projects is the determination of the 
floor depth of the bridges, since no other common factor affects the cost 
of the improvement in a greater degree. A reduction of the floor depth 
means an appreciable reduction in the amount of earth fill and in the 
amount of concrete in retaining walls, two items of great volume. A shal- 
low floor carries with it a better solution of industrial siding connections 
and better adjustment and reduction in amount and length of street grades, 
if a combination of track elevation and semi-depression of streets is formed 
to be advantageous or necessary. Furthermore, a reduction of street 
grades lowers the amount of property damages, a considerable item in 
grade crossing eliminations through populous sections. 

B and C of Fig. 5 represent different types of multiple-span concrete 
slab bridges. The slab of the former is reinforced in the one direction 
parallel with the longitudinal axis of the bridges while the slab of the 
latter is reinforced in four directions by bands of bars laid along all the 
center and diagonal lines between columns. The four-way arrangement 
is commonly known as the flat slab system. 








DESIGN AND CONSTRUCTION OF CONCRETE BripGEs. 575 


























SECTION M-M ,FIG.B. SECTION WN, PIG.C 


SECTION ON € 



































FIG. 5.—SECTIONS OF SINGLE AND MULTIPLE-SPAN CONCRETE BRIDGES. 





i 





SSS an ee 


sear gehts tity ain DOE pA AP aC DI 





576 DESIGN AND CONSTRUCTION OF CONCRETE BRIDGES. 


A comparison of the two types indicates a distinct advantage off hand 
in favor of the flat slab type by a reduction of 1 ft. in the depth of the 
floor. Other comparisons have been made including a floor system com- 
posed of structural steel shapes encased in concrete that required the 
same depth of floor and a saving of one-quarter to one-half of the cost of 
the structure accrues in favor of the flat slab type. The amount and 
nature of the encasement controlled the variation in saving. 

Other advantages of the flat slab bridge compared with all other 
forms of multiple-span slab bridges are summarily taken from a paper 
by the writer entitled “Reinforced Concrete Flat Slab Bridges” as printed 
in the 1918 Proceedings of American Concrete Institute. One advantage 
is embodied in the simplicity of both the formwork and arrangement of 
reinforcing steel. The steel placed in wide open spacings over practically 
unbroken flat surfaces insure a more positive placement than is found 
in the general beam and slab design. Another applies to its extreme 
shallow floor depth making it possible to lay the track in full ballast, 
which is a very important consideration in track construction; there are 
no girders projecting above the deck to encroach upon lateral clearances 
of the motive power. No noticeable vibration develops with the simultane- 
ous passing of heavy locomotives and the rumbling noises common to 
structural steel bridges are very much subdued, are almost passive. The 
columns have wide, clear-cut spaces because of the fine integral relation 
between the slab and the columns; better visibility for drivers of vehicles 
and pedestrians is produced to. bring about safe traffic regulations. Still 
another advantage exists, one that deals with a maximum fulfillment of 
adjusting the bridge to lineal irregularities and close vertical clearances; 
the slab can be placed parallel with the grade of the track and tilted to 
the grades of the street if necessary in transverse direction by placing 
the tracks at different levels which position may be found advantageous 
in ease of industrial or yard tracks raised in elevation with main line 
tracks. An outstanding advantage of the flat slab is its uniform cross 
section and continuity of reinforcement. No type of multiple-span bridge 
construction, either steel or concrete is better proportioned to resist ther- 
mal changes because of this constant tensile stress everywhere and the 
paper mentioned above describes structures of great length which were 
built without expansion joints; the thermal changes take place at the 
construction joints of the slab in a multitude of minute movements that 
do not impair the strength of the structure. 


CONDITION IRREGULARITIES OF RAILROAD STRUCTURE. 


Conditional irregularities of the site become the most important con- 
sideration in the selection of small-type railway structures to be built on 
an established alignment; the design must be correlated with construction 
requirements in the maintenance of traffic assuming no interruptions 
thereto. This consideration is handled in a number of ways. Where the 
topography will permit, the alignment is shifted temporarily in order that 
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the bridge might be built clear of traffic, in part or in its entirety. 
Where the right-of-way is of limited width- and the tracks cannot be 
shifted, a timber pile bent trestle of 12-ft. spans is driven under traffic 
and between these bents, after the excavation has been made, the abutment 
and piers only of the new bridge can be built. Long temporary through 
girders are often used to span out to out of the new abutment lines in 
order that the entire bridge may be built underneath. If no old girders 
are available and the only solution is the timber trestle there arises the 
exclusion of the flat-slab construction, for the reason that the floor system 
of the new bridge must be erected beyond the bridge site, either in units 
or in the whole, followed by a quick removal of the trestle stringers and 
the installation of the completed floor system on the new masonry during 
hours of least traffic. 

A seven-track flat-slab bridge for grade crossing elimination is shown 
in D of Fig. 5, in which this consideration has been taken into account. 
The fact that the bridge angle of crossing is 52 deg. 46 min. did not com- 
plicate the design which indicates further flexibility of the flat slab. The 
work is divided into two parts along the construction joint as shown. 
This joint is placed without decrease of strength of the slab and so that 
the right half can be built first without interference with railway opera- 
tions with the exception that this traffic must be confined temporarily to 
three tracks instead of seven in the vicinity of the bridge site. Those 
tracks which were temporarily abandoned are to be raised in elevation a 
maximum amount of eight feet; the remaining height necessary for under- 
crossing is obtained by a depression of the street. With the completion of 
the first half of the bridge the traffic is directed over the elevated tracks 
which permits the completion of the work. During construction, street 
traffic must be detoured until the first half of the structure is completed. 
The depression of the street is to be made simultaneous with the construc- 
tion of the first half of the bridge. 

A 12-ft. subway was built through an embankment under heavy rail- 
way traffic, as shown in A, Fig. 6. The embankment had been made on 
an alluvial deposit which necessitated pile foundation in support of the 
structure. Tho shift the tracks around the construction would require 
additional embankment and considerable trestle construction. Therefore, 
the temporary 12-ft. span trestle scheme built under existing alignment 
was found to be most efficacious; a further vital reason for this adoption 
was founded on the condition of great intensity of traffic, it being expedient 


to safer operating measure to keep the temporary construction on straight 
track. 


With reinforced cantilever abutment and invert sections the structure 
was contracted to the least amount of space as between two bents of the 
12-ft. temporary trestle; 12 ft. is the maximum span with 16-in. timber 
stringers. The piles for the trestle and invert foundation were driven 
between existing ties during hours of least traffic and the deck of the 
trestle was built during the same hours. Then followed the excavation of 
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the embankment and the cutting of foundation piles. In the meantime the 
slab units were cast on platforms alongside the structure. After the com- 
pletion of the abutments and backfill the trestle stringers were quickly 
removed and the precast slabs set in place by locomotive crane between 
train movements. Later the piles of center bent were cut off and their 
openings through the invert filled with concrete. 

The same general scheme of operation was followed in the construction 
of a double 20-ft. span precast slab undercrossing. In this work gravity 
abutments could be used since the spacing of pile bents gives a full 12-ft. 
opening for the construction of abutment and pier sections. Here two of 
the tracks were put out of service during the construction of the first 
half to save cost of additional trestle. 

A deviation from the general procedure of the foregoing cases is 
found in the construction of a skew type two-span slab undercrossing 
built in railroad embankment to carry five tracks. This bridge was built 
entirely in place operating Tracks No. 4 and 5 on the left of the plan 
while the right section of the bridge for Tracks No. 1 and 2 was being 
built. A trestle with short pile bents was driven under Track No. 4 to 
give natural slope to excavation made for the construction of the first 
section. 

To give minimum thickness of slab for a skew bridge it was designed 
for the normal span and therefore the reinforcement was placed as shown 
in that direction; the live load skew span moment of wheel loading spread 
over a 13-ft. width of slab was equated to a uniform loading which formed 
the basis for computing the slab section. By the inclusion of a compara- 
tively small amount of reinforcement in the parapet, it is formed to act as 
a girder to take the triangular loading of the elements of the slab, the 
reinforcement of which terminate, on the one end, in the parapet. 

The construction joint of the slab was made along center line between 
Tracks 2 and 3 anticipating the use of a so-called construction girder, 
similar to the parapet girder, to carry the skew portion of the load from 
Track No. 2 during the construction of the second part of the bridge. The 
size of the construction girder was restricted by small space between ties. 
With this arrangement it was possible to keep the construction joints of 
the abutment and pier sections at the toe of the slope of excavation obvi- 
ating the necessity of full trestle construction, or of showing of the track 
and therefore establishing safer train and construction operations. The 
reinforcement of the slab was placed through the construction girder to 
complete the slab, with the building of the second portion, in full strength 
exclusive of the construction girder capacity. 


OVERHEAD HIGHWAY ARCH BRIDGES. 


The reinforced-concrete overhead ‘highway bridge in railroad construe 
tion of new lines or for grade crossing eliminations offers many interesting 
problems with reference to type selection and conditional requirements 
especially the one phase in grade crossing eliminations dealing with the 
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peremptory order of maintaining traffic with the least amount of inter- 
ruption and danger of accident. 

The importance of minimum depth of floor and headroom was empha- 
sized in the case of highway undercrossings. In similar manner the head- 
room is often the controlling factor in type selection for overhead struc- 
tures. A condition obtained in which the overhead highway arch could 
be designed for slightly shorter grades in the approaches than could be 
developed for the structural steel through-girder bridge. This is illustrated 
by A of Fig. 7. The-depth of floor for the through-girder bridge was 
3 ft. 6 in., a minimum obtained by placing the main supporting girders 
along the curb line projecting above the roadway with cantilever sidewalks 
on the outside. The minimum clearance for the steel girder bridge exists 
along its entire length but for the arch it exists only at the edge of railway 
clearance diagram over platforms. The shorter approach grades of the 
arch construction were secured by a long vertical curve at their intersection 
arch construction were secured by a long vertical at their intersection 
over the crown of the arch. For the steel structure, two vertical curves 
are necessary, one at either end of the bridge floor and these were made 
half the length of the vertical curve of roadway over the arch to corre- 
spond with same difference in amount of intersecting grade angles. 

The slight advantage im favor of the arch was not the controlling 
factor in its selection. It was necessary to devise a scheme in construction 
that would insure continuous uninterrupted operations of suburban trains 
on all three tracks. 

This was solved in different manner for two projects as shown by B 
and accompanying sections. In one case the centering was embedded in 
the arch ring and in the other it was a suspended type. In either case 
the arch ring was built in umbrella fashion on timber falsework over the 
platforms. The embedded centering consisted of a series of structural 
steel ribs fabricated to the shape of the arch ring. These ribs were em- 
bedded in the umbrella section and after the concrete had obtained sufli- 
cient strength the lagging was suspended by short bolts from the lower 
chord of the centering. Later in similar grade crossing elimination the 
lagging was suspended from two pairs of old girders which had been 
removed from long time service as railroad bridges. 

The segmental and parabolic overhead types outlined in C and D 
respectively of Fig. 7, were built on new alignment: the former in a rock 
eut the latter on earth foundations. The barrel arch of the preceding 
case spanning four tracks without platform space is best suited for a site 
where minimum headroom is required. Where the established grade of 
the roadway gives considerably more headroom than required for standard 
clearances, the spandrel floor type of C and D becomes the choice. With 
excessive headroom, the barrel arch is subjected to unnecessary heavy load 
of fill, if the underside of the arch is fixed by standard clearances; if 
raised to avoid the heavy loading of the fill, the abutment and wing wall 
sections become excessively massive. 
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The parabolic type is submitted to show a balancing of these factors. 
The arch is divided into two ribs over the haunch section; the crown 
section is solid and replaces floor construction. The parabolic shape of 
the arch ring was determined by this heavy concentration at the crown of 
the arch ribs, augmented by the single reactions of the tee-beam floor 
which comprise all the arch loading. The concentration of the center 
column bent of the floor system is brought forward to the face of the 
abutment in order to reduce the eccentricity of the arch thrust on the 
abutment and therewith reduce its size. The end span of the tee-beam floor 
served another purpose by replacing four massive retaining walls, 40 ft. 
in height; the end column bent is buried in surrounding fill of the 
approaches. 

The wide pier of the multiple-arch construction may be prohibitive 
for overhead bridge crossing of several parallel railway lines or series of 
tracks in yard, station or terminal layout. The long span tee-beam road- 
way deck supported on slender columns, similar to the cross-section of 
A, Fig. 8, was used to fulfill the limitations of space between each series 
of tracks. The span of tee-beam was 50 ft. 


OVERHEAD COLUMN SLAB BRIDGES. 


Again the consideration of expansion joints is a pertinent subject. 
Unlike the fiat-slab construction which has a constant tensile stress in 
every direction, the tee-beam type offers varying degrees of tensile resist- 
ance. There arises the difficulty of transferring the movement due to 
temperature changes from the larger through the smaller members, as 
from the deep beams through thin slabs. These forces should be carried 
directly through the main members of the floor system to the points of 
support. Regardless of the length of the structure, the thin slabs of the 
tee-beam should be substantially reinforced in direction parallel with the 
beam. For spans of 50 ft. it is a futile effort to attempt to take up tem- 
perature movements by sliding joints. Plates of steel, copper, zine or lead 
and multiple layers of fabrics or combination of these different plates 
have been used to reduce frictional resistance. When the bearing covers a 
wide area there is the danger that the sliding medium will conform to 
possible uneven surface of bridge seat or that frictional resistance greater 
than the strength of the beam in shear will develop causing a cracking 
of the beam adjacent to the support and sliding joint. Rocker bearings 
have been used instead of sliding joints for long spans; this deviation has 
questionable efficacy and requires, in manner of the sliding joint, a sup- 
port of considerable size and stability. 

The type of construction under discussion has been built in total 
length of 179 ft. without failure, the stress resulting from the movement 
being taken by bending of the columns. For length of structures of 300 ft. 
the stress would be exceedingly large and the incorporation of an expan- 
sion joint is advisable. Because of the doubtful action and bulky detail 
of the sliding or rocker joint they were discarded for a double row of 
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columns dividing the structure into two separate and distinct units of 
150 ft. in length with stability in flexure to resist the movements due to 
temperature. Each 50-ft. beam is supported directly on a column, thus 
eliminating a heavy beam cap over the columns and effecting simple and 
direct structural lines. 

The advantages claimed for the flat slab in railway bridge construction 
are repeated in application to the lighter loads of highway bridges. This 
is exemplified in all phases in design of flat slab structure built over six 
tracks on the extreme acute angle of crossing of 19 deg. 21 min. as shown 
by C of Fig. 8. 

The shallow floor depth was of vital importance in this case since it 
gave minimum length to the approaches built over perfectly flat ground. 
The skew span over six tracks is 418.82 ft. In what other type of multiple 
span construction could this length be covered without an expansion joint 
and how could an expansion joint be made to act effectively along center 
lines of skew? The slab over this length was cambered easily in form 
construction to shape of a vertical curve for intersecting approach girders. 

The size of the slab panels of the section over the tracks was deter- 
mined in the one direction by placing column lines between each of three 
pairs of tracks on 32-ft. centers. In the other direction lengthwise with 
the track the spacing of the columns is 30 ft. 654 in. forming an almost 
square panel. This spacing was determined by placing on the curb line of 
the viaduct the diagonally opposite end columns of the two rows adjacent 
to and parallel with the future outside tracks. The total distance between 
these two end columns, measured along the line of track, one line projected 
on the other, is divided into 13 equal spaces of 30 ft. 654 in. The slab 
depth is 15% in. 

In addition to the columns of the center section placed between the 
tracks, there is another row of four columns along the curb line which 
forms several irregularly shaped panels in order to carry out the triangular 
portion on each end of the center section to a row of columns normal to 
the center line of the roadway in line with the last column of the outer 
row parallel with the tracks. With the exception of these few irregular 
panels all other panels of the center section are 30 ft. 65¢ in. x 32 ft. This 
arrangement of placing the panels of the center section normal to the track 
forms six triangular portions of the slab which project beyond the side 
walk or balustrade line. These projections however, considering the acute 
angle of crossing are comparatively small, and little of the bridge floor 
is unused, 

The columns between the tracks are protected to a considerable extent 
in case of sideswipe in derailment by placing them on a three-foot wide 
pier six feet above the top of rail. The piers are reinforced by four lines 
of old rails. This high pier has another function since alluvial soil de 
posit required pile foundation; it acts as a spread footing in distribution 
of loads on wood pile foundation spread out from column to column in 
narrow confines between the tracks precluding the necessity of driving 
piles and constructing footing courses beneath the tracks. 
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A hypothetical case, B of Fig. 8, has been taken to show the possi- 
bilities of flat slab construction for viaduct approach to a bridge 60 ft. 
in width. The 20 x 20-ft. panels give a very economical spacing of columns. 
A facia girder adds rigidity to outside row of columns and also lends 
pleasing auchitectural effect. It might be found that this type of con- 
struction would be more economical than an arch fill and retaining wall 
approach for a height exceeding 18 ft. No paving base would be required 
with the flat-slab construction and a permanent pavement would be ready 
for traffic with the completion of the structure; for an earth fill this per- 
manent pavement would not be realized until the year following the com- 
pletion of the bridge with cessation of fill settlement. The space under the 
viaduct approach could be utilized for some purpose—perhaps, the parking 
of automobiles. In the lower lefthand corner of this plate, a sidewalk 
section is given to show the method of terminating the waterproofing 
membrane and the construction joints of this part. 


CONDITIONAL IRREGULARITIES OF LARGER TYPE OF STRUCTURES. 


To this point examples of salient features in the design of the mod- 
erate size reinforced-concrete bridge have been given in measure of the 
potentialities of concrete as they may be developed in adjustment of foot- 
ing plans to special geological irregularities; as they may be developed in 
adjustment and balance of the superstructure to lineal or topographical 
irregularities; and finally as these potentialities may be developed in cor- 
relating the design and construction methods of the small type railroad 
structures in grade crossing elimination to the exacting requirements of 
maintaining traffic during conscruction. 

Examples of larger type bridges follow to give further measure of the 
potentialities in concrete and to point out the necessity of correlating 
features in design and such limitations in construction as are found in 
the possibilities of plant development, flood conditions and traffic mainte- 
nance requirements in congested districts—pedestrian, vehicular and rail- 
way combined. 

HARRISON AVENUE BRIDGE. 

The Harrison Avenue Bridge was built in Scranton, Pa., to connect 
two sections of the city separated by a deep ravine. A photograph of the 
completed structure, a sectional elevation and plan featuring plant layout 
and construction methods are combined in Fig. 9. 

The main line of the Delaware, Lackawanna and Western R. R. is 
located near the top of the ravine on the one side and the Lehigh and 
Wyoming Valley R. R., a third-rail electric line is located in a similar 
position on the other side. The electric line is 12 ft. higher in elevation 
than the steam railway. 


It is an ideal location for arch construction from 
standpoint of suitable foundations since rock outcropped everywhere. The 
total length to be spanned by the three arches was determined by distance 
out to out of railway property lines. Various lengths for the center span 
were tried and a balance struck by the selection of a 200-ft. arch flanked 
by two 75-ft. arches over the railways. 
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In adjusting the arches to the lineal irregularities of the site, con 
sideration was given to the location of a satisfactory ledge of rock for the 
main arch abutment; to a limitation of the height of the intermediate 
piers; to railroad clearances and to an approximate balance of the end 
arches to compensate for the difference in level of the railroads. The 
photograph is a view of the west elevation while the elevation drawn is 
of the other side. The right end of the structure, as considered by the 
drawing, was lowered as much as possible and the other raised to adjust 
this difference. To some extent this raising and lowering was controlled by 
approach grades. It resulted in the placing of one-half of the bridge floor 
on a 1 per cent grade and the other half on a 2 per cent, both ascending 
to the left. The 1 per cent grade on the high side and the 2 per cent grade 
on the low side gave camber to the long horizontal lines of the parapet and 
a better architectural effect than the straight average grade over the full 
length of the span. Symmetry in structural shape was the basic thought 
behind all considerations in lineal adjustment. The structure is sym- 
metrical about its center lines. In construction the main arch span was 
divided into two units, elsewhere there were four symmetrical units per- 
mitting a substantial re-use of forms. 

The thin, deep arch rib arranged in two pairs was the composition 
decided upon for the main arch span to give minimum weight in con- 
struction, a consideration of importance in the design of the centering for 
a 200-ft. span over deep ravine. A conservation of concrete materials is 
not always the most economical basis of design. In this case they were 
to be hauled a considerable distance and transferred to a second line for 
delivery. It was evident that the handling of a minimum amount of mate- 
rials over and about the railroad would give the most satisfactory results. 
Therefore the conservation of concrete materials did influence, in a general 
way, the design of other features of the bridge. 

The floor slab is carried on spandrel arch beam and column construc- 
tion, 2 ft. 10 in. in width, identically repeated over the four main arch 
ribs forming three floor bays; the center bay was depressed to provide for 
future street car track. A transverse beam at each column line divides 
the center bay into a series of square panels reinforced in two directions 
to give the 10-in. slab of the smaller side bays reinforced in one direction. 
Transverse beams are placed in side bays adjacent to expansion joints to 
increase the lateral stability of the floor. 

The barrel type arch was used for the 75-ft. spans over the railroad 
tracks. The outer abutments are small—merely a facing of the rock. 
The thrust on the other side is taken by the intermediate pier called 
“Pilaster Box” in larger detail of B, Fig. 10. It is so named because 
this unit is in composition with the ornamental pilaster. The boxes are 
reinforced and anchored at one end of the longitudinal walls to the main 
arch abutments to resist the overturning moment due to the thrust of 
the 75-ft. arch; this thrust is applied against the longitudinal walls of 
the boxes at a considerable distance above their bases. The end section 











588 DeEsIGN AND CONSTRUCTION OF CONCRETE BRIDGES 








EXPANSION JOINT ELASTITE 
















































“2 DLY = 
“CLOTH MEMBRANE he : 
s va a ° oe s ee ay 
bE , Spoor”. ; poi SLAB *-*6 
eens mae Ee 24) 
7 Rieder srencry sre eee 
FIG. A~ DETAIL OF EXPANSION JOINT IN ROADWAY 
200 FOOT 
ILASTER BOX MAIN ARCH SPAN 
4 
> 
~ 
> 
ral 
vi 
» 
i 
FIG. B-SECTION N-N. WATERPROOFING AND EXPANSION JOINT DETAILS 


HARRISON AVE. BRIDGE 


rk | 




















FIG. D ~ SECTIONAL ELEVATION 
CENTER PIER AND DART MAIN ARCH RIBS 


HUDSON COUNTY BOULEVARD BRIDGE 
WATERPROOFING AND EXPANSION JOINT DETAILS [por iz'or | 56") 
: FIG. E ~ SECTION R-R. 


= a Rid 


Le o A \is- : ae 
ract or niee / rag 


—s— — gi chat ci 
: 





































e ¢ . 


(2° ay corn memos 10 ha accghiiet! rmive .: 








IZ WIDE if T FLOOR | BAB 9 8 55. 
TAG. P= DETAIL OF EXDANSION JOINT M SIDEWALK FIG. G-DETAIL OF EXPANSION JOINT IN ROADWAY 





Fig. 10. 














DESIGN AND CONSTRUCTION OF CONCRETE BripGEs. 589 


of the arch is reinforced in transverse direction to carry the entire thrust 
to the four walls. The pilaster boxes receive no counter stability from 
the floor system of the main arch on account of the expansion joint 
adjacent to the pilaster box which forms a clear-cut opening through the 
floor. 

The construction program was centered about the use of structural 
steel centering for all three arch spans. The steel centers for the main 
span were built in the form of a three-hinged arch and were composed of 
two ribs 3 ft. 6 in., center to center, to be placed under each concrete arch 
rib. Two concrete ribs were formed simultaneously requiring four steel 
ribs. Heavy timber bents carried steel I-beams on which the shoes of the 
centers were placed. Wedges were placed underneath and behind the shoes 
to provide adjustment of centers to correct elevation. After two ribs 
had been poured and set, the entire system of centering and lagging was 
lowered several inches as a unit and rolled over for the construction of 
the remaining two ribs. For the 75-ft. spans, six trusses of the Pratt type 
were built, three being required for the construction of one-half width of 
each arch. The top chord of these trusses followed the curve of the arch; 
the bottom chord could not be made flat, on account of clearance require- 
ments of the railroads. The centers were erected by the 60- and 100-ft. 
derricks shown in construction plan which were also used with chuting 
system to deposit concrete. 

A gravity concrete plant was used. A delivery track was built on 
a trestle, parallel to the main track of the L. & W. V. R. R. Stone and 
sand bins, having a capacity of 300 and 200 tons, respectively, were built 
on the side slope under the trestle, so that hopper cars, carrying concrete 
material were dumped directly into the bins. A measuring hopper, 
discharging into the mixer was built at the foot of the bins. The cement 
house was built at the track level alongside the top of the bins and cement 
was handled to a platform at the measuring hopper through a chute. 
With this arrangement, all concrete material was handled to the mixer 
by gravity. The plant had a mixing capacity of 100 cu. yd. of concrete 
per day with the services of six men. A tower and chutes were used for 
concreting the arches and floor system. The concrete for the structure 
on the opposite side of the ravine was passed through the tower to a 
hopper built on the foot bridge and then handled to place by the 100-ft. 
derrick with buckets. No operation exceeded the 100-yd. daily capacity 
of the plant. The main arch rings were divided into thirteen blocks or 
voussoirs, corresponding to the distance between concrete struts which 
were poured in six operations. 

As heretofore described, the through arches form separate structural 
units in equilibrium. Any one unit could be carried to completion inde- 
pendently in comparatively small operations. It was possible to sub- 
divide the work to be carried on by constant working force and the con- 
tractor devised his plant layout to reduce this to a minimum number. 
Mention was made of the expansion joints of the main arch floor adjacent 
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to the pilaster. It will be noted that two other joints were provided 
near the quarter points of the span. The conclusions prompting this 
arrangement were drawn from the following experience: 


EXPANSION JOINTS, WATERPROOFING AND DRAINAGE. 


In 1911, the Delaware, Lackawanna & Western R. R. completed two 
large concrete structures known as the Delaware River and Paulins Kill 
viaducts. In connection with the design of these structures, after an 
extended investigation had been made of existing structures of similar 
type, it was decided to construct the viaducts without expansion joints in 
the floor system. No precise data could be obtained at that time concern- 
ing the extent of the seemingly small rise and fall of the existing arches. 
It was thought that most of the cracks, attributed to temperature changes, 
were due to shrinkage of the concrete in the first few months of con- 
struction and that if the viaducts with foundations carried to rock were 
built in such a manner as to minimize this action, the expansion joints 
could be eliminated. 

The plan and sequence of construction were outlined in the following 
manner: the main arch rings were built in voussoir blocks about ten 
feet in length measured along the axis of the arch ring and spaced two 
feet apart. The blocks were allowed to set seven days before the two 
foot openings or keys were poured and twenty-eight days after the last 
key was poured the arch center was removed. This eliminated an undue 
settlement of the arch ring due to shrinkage and the theoretical crown 
elevation for which the arch was designed was further insured by camber- 
ing the arch center for its deflection under the ring load. No part of 
the floor system was built until the arch centers had been removed. The 
floor was built in alternate sections, but the reinforcing steel in the slab 
was continuous for the full length of the viaduct, which, in conjunction 
with the elasticity of the superstructure, was deemed adequate to resist 
the rise and fall of the arch ring without the formation of large cracks. 
It was expected that a number of very fine cracks would result from this 
movement, but these were not considered so objectionable as the leaky ex 
pansion joints that were in evidence on most of the structures inspected. 

An examination of the Delaware River and Paulins Kill viaducts, 
after they had been in service for some time, disclosed the fact that large 
transverse cracks had developed at the crown of each of the two spandrel 
arches adjacent to every pier of the viaduct. This indicated that there 
had been an appreciable drop of the main arch rings due to fall in temper- 
ature. (See Fig. 11.) Over the crown, the spandrel arches were in com- 
pression and no cracks developed while those adjacent to the pier were in 
tension. It may be here noted that the floor system was built during the 
summer months and therefore the movement in the main arch ring due to 
rise in temperature, would bring the floor system back to its normal 
position, or, if there were a movement beyond this it would be so slight 
as to make its effect on the floor system directly over the crown negligible, 
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as compared with the effect of a fall in temperature on the floor adjacent 
to the piers. The appreciable vertical movement of the heavy arch ring 
for a rise and fall of temperature is transferred to the comparatively light 
floor system which must also resist its own movement in a horizontal direc- 
tion. These movements cannot be resisted by the addition of any amount 
of reinforcing steel and expansion joints must therefore be provided. 

In view of the above observations and conclusion, it was decided in 
designing the Tunkhannock and Martins Creek viaducts, that expansion 
joints would be provided in the floor system at the piers and quarter points 
of every span. The quarter points of the span are approximately the 
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points of contraflexure in the arch ring. For a fall in temperature the 
extrados of the arch ring between the points of contraflexure is in com 
pression, beyond these points in tension and vice versa for a rise in temper 
ature. The expansion joints divide the superstructure into three parts, 
separated at the points of contraflexure, each section acting in compression 
or tension as the case may be. This arrangement has proved successful 
for both viaducts, which have been in service for the past ten years. 

The sliding surfaces of the expansion joints of the big viaducts were 
lined by an asphaltic membrane about 3/16-in, in thickness. Although 
no visible failures have occurred in the floor slab adjacent to these ex- 
pansion joints due to excessive friction, they have been experienced in 
flatter and lighter arches which prompted a further development. As the 
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ratio of the rise to the span of an arch increases, the movement due to 
temperature changes increases likewise. 

The cantilever joint has replaced the sliding joint in the most satis- 
factory manner. Each section of the floor system is free to move up 
or down, forward or back, regardless of the movement or rigidity of the 
adjacent sections. In the floor panel to receive the joint, two cantilever 
sections are substituted for the single span. The expansion joint is 
formed by a clear opening separating the ends of the cantilever sections. 
The expansion joint adjacent to the pilaster of the Harrison Avenue 
bridge and joints adjacent to the center pier of the Hudson County Boule 
vard bridge, to be explained later, are shown in detail of Vig. 10. 

Originally expansion joints leaked badly, gradually, as the full sig 
nificance of their function was realized, methods for overcoming this 
deficiency were developed. It was found that the system of waterproofing 
and drainage had to be correlated with the provision made for expansion. 
First, an elastic waterproofing membrane to cover the entire floor area 
was necessary and proper provision for carrying the membrane over the 
joints and terminating it in places of least water accumulations had to 
be devised. Then a further precaution in leading the water away from 
the joint and off the floor at close intervals was deemed expedient so that 
no large amount of water is carried over long distances or down a single 
spout. Details shown in Fig. 11 illustrate the manner in which these 
requirements were carried out in planning the floor of the Tunkhannock 
Creek viaduct. Attention is called to the provision for terminating the 
waterproofing in reglets along parapet walls at base of rails; also to 
the 1%4-in. mastic protection laid over the membrane to prevent abrasion 
caused by movement of ballast. 

The space given to track ballast over railway bridge floors helps ma- 
terially in the development of these protective provisions for expansion 
joints. For highway bridges they are confined to very little space under 
the pavement as shown in Fig. 10 by the two examples detailed. Steel 
plates spanning expansion joints exposed to highway traffic are soon 
loosened by impact of heavy vehicles. In the details referred to above 
these plates are placed under the pavement to avoid this failure. Some 
maintenance of the paving joint above the plates is anticipated, but this 
will be of little consequence compared with the repairs necessary to exposed 
plates. 


CHEMUNG River Bringre, Cornine, N. Y. 


No condition affecting structural measures gives greater apprehension 
to the builder of bridges than flood conditions. These menacing interrup 
tions were anticipated in the construction program of a multiple-span 
reinforced-concrete arch bridge built over the Chemung River for the City 
of Corning, N. Y. 

The structure is 752 ft. long and is composed of seven three-centered 
segmental barrel skew arches 92 ft. 3-in. spans and 11 ft. 3-in. rise. Dimen 
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sions of width are shown in section of Fig. 12 which also has a view of 
the completed structure and a diagram of construction plan. 

Three streams, draining about 4,200 sq. mi., come together near Corn- 
ing to form the Chemung River. These streams are flashy, and floods 
come quickly and subside almost as quickly. In the maximum recorded 
flood of March 14, 1918, the river rose 19 ft. The rate of rise has at 
times been 1 ft. an hour. In computing waterway the length of the bridge 
752 ft. was set as the distance between the dikes, which have contained 
past floods, and the roadway was set at an elevation which gave an 
aggregate waterway between piers below springing lines sufficient for 
the record flood, leaving the arch spaces above springing lines as a factor 
of safety in case of greater floods. 

With the foundation conditions, 2 to 6 ft. of gravel and clay, then 
stiff clay down to 16 ft., and then hardpan, the first problem in design 
was to choose between shallow footings on piles and deep foundations pro- 
tected by cofferdams. Because of the flood conditions and the favorable 
bottom, the advantage was in favor of piles. The compactness of the 
ground lead to the choice of cast-in-place concrete piles. This type of 
foundation had several outstanding advantages over other general methods: 
(1) Compared with wooden piles, if the wooden pile could be driven in the 
compact soil, only one-half the number were required thereby reducing the 
size of the footings; (2) wood piles would also have necessitated a deeper 
foundation at some of the piers; (3) compared with a precast pile a 
time element was considered (no time was required for curing of the cast- 
in-place pile and the work of driving could be started immediately after 
the excavation); and (4) reinforcing rods could be inserted immediately 
after the piles were poured, to bond the footing course to the piles. Addi- 
tional stubs placed in the footing course lapped the vertical bars in the 
pier shaft and also in the face walls of the abutments, This arrangement 
was effective in resisting eccentric thrusts in constructing the arch ring, 
in addition to the bond formed or integral combination made between 
superstructure and substructure. 

In planning the equipment, the frequency of the floods suggested mo- 
bility and retreat and the high ground on the north bank of the river, 
with the protection afforded by the dike, offered the haven of safety. 
Therefore the construction of the bridge was planned around a locomotive 
crane, with a 60-ft. boom, and a construction plant as indicated by Fig. 
12. A derrick, having a 75-ft. mast and 70-ft. boom was placed within 
reach of the stockpiles, the cement and steel store houses and the concrete 
mixing plant. 

Work started by excavating for the south abutment. Building and 
grading a ramp from the top of the bank the crane worked its way down 
to the river’s edge, and thence across on tracks laid in the bed of river 
during low water, driving the sheeting and making the excavations for 
the river piers as it proceeded. Immediately after the excavation was 
completed the pile-driving equipment was lowered into the hole and the 
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driving of the piles commenced. It was estimated that 15 piles could 
be driven in a working day and this progress was made in driving 633 
piles in 42 working days. About two days were required to move the 
driver from pier to pier. The driving schedule was interrupted for a 
short period in the early part of November due to an unprecedented flood 
for this particular month. 

Work on the piers followed the pile driving. The foundations for 
the river piers were poured before floods of any consequence occurred, 
but the pier shafts were completed between floods, with a very narrow 
margin of time in each operation. Work on the piers was advanced so 
that the superstructure could be started from the north end and be com- 
pleted on the high ground during spring months to the river’s edge before 
the June flood. Fortunately, due to the unusual drought this flood did not 
materialize but the work was developed accordingly to the predetermined 
plan which contemplated that high water would cause delay but would 
not cause serious damage to the work or plant. 

For the construction of the superstructure, the work was divided into 
two parts along the center line of the bridge. Structural steel centering 
was used for the arch construction. One unit, forming a half-width of 
arch barrel, was composed of two ribs made up of four separate Pratt 
truss sections. These trusses carried the lagging as shown in crown Sec- 
tion M-M of Fig. 12. 

The full width of pier had the necessary stability to resist the over- 
turning moment of the horizontal thrust of one unit of the arch centering 
fully loaded without any counterbalancing thrust on the opposite side of 
the pier. This was one condition of construction operation. It also had 
the required stability to resist the other maximum construction stress, 
a combination of the thrust of the centering on one side of the pier with 
the thrust of a completed half on the other side of the pier. 

The sequence of arch construction is shown in Fig. 12. The rings 
were poured in order named using four sets of centering marked A, B, 
C and D for one-half width of the arch ring. Each one was a continuous 
operation pouring alternately from either end. Including a 9-in. lift 
over the half area of the pier, there were 160 cu. yd. in each operation, 
poured in eight hours with a l-yd. mixer. The short time between arch 
ring operations was employed without reduction of force in the construc- 
tion of the parapet walls, sidewalk and balustrade. When the last half 
of the arch ring was poured Aug. 10, the parapet walls were almost com- 
pleted on all the spans and much of the sidewalk and railing was com- 
pleted. In this manner operations were distributed over the entire work 
so that a maximum force could be economically employed up to the last 
three weeks. Remarkably fast work was done with the centering erection 
and concrete placing in the arches.’ Within one month after the arrival 
of the centers four halves of arches had been poured. The centering in 
course of erection for this first operation is shown by C of Fig. 13. The 
construction track in normal river condition is shown by insert, B, and 
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a flood condition taken from the same point of view is shown by photo- 
graph, A. This particular flood condition preceded the arch construction 
and came about without warning and with such rapidity during the night 
that the contractor’s plan of retreat of equipment was foiled. 


RIVERSIDE Drive BripGe, BINGHAMTON, N. Y. 


In the construction of the five-span multiple skew arch bridge built 
over the Chenango River at its point of confluence with the Susquehanna 
River, there were the same flashy flood conditions as existed during the 
construction of the Chemung River bridge. Both rivers are tributaries 
of the Susquehanna. The arches too, are similar, being the five-centered 
full-barrel type with 86-ft. span and 13-ft. rise. A photograph of the 
completed structure,and a diagram of construction plan are shown in 
Fig. 14. 

The method of construction as outlined is not the method contemplated 
by the plan and specifications, which were prepared in the office of the 
city engineer. All sections of the structure were well designed. The 
first requirement of the specifications, affecting control of the construc- 
tion program, was formulated by a conclusion that the arch ring should 
be poured in its full width, 58 ft. On account of the volume of concrete 
of each ring a provision was made to pour the arch in three sections, a 
crown and two haunch sections. The construction joint separating these 
sections was composed of nine offset planes arranged parallel with the 
skew axis of the arch. Each plane was perpendicular to the pressure 
lines of the arch assuming an action parallel with the longitudinal axis 
or center line of the bridge. A second requirement of the specifications 
called for the full completion of the centering for the entire structure 
before any concrete in any of the arches was to be poured. A third pro- 
vision was that the centering of an arch should not be struck until at 
least thirty days after the completion of the arch. 

In the final design of the centering the question arose as to whether 
or not these articles of control did not create unnecessary hazards. 
They evidently presumed that the centering would be built largely of 
timber. Assuming that they did create unnecessary hazards the alterna- 
tive steel centering plan as outlined in Fig. 14 was developed for com- 
parison with a timber centering. Taking the affirmative side of the ques- 
tion, it was contended that extraordinary, perhaps insuperable difficulties 
would be experienced in holding or anchoring timber bends in the river 
bottom with only a few feet of gravel overlying bedrock under three of 
the arches. With the usual force of carpenters employed on a bridge of 
this magnitude, considerable time would be required to construct 27,000 
sq. ft. of centering, and much expense and trouble would be encountered in 
maintaining the lagging during the construction on account of long time 
exposure to the elements exclusive of flood conditions. If a flood condi- 
tion occurred during the arch construction and any part of the centering 
under load of the arch ring was washed out there was the danger of 
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failure because the piers did not have the stability to resist the over- 
turning moment of the thrust of a completed arch on one side of the 
pier only. 

The alternative plan provided a long-span construction trestle de- 
signed to carry a standard locomotive crane and a narrow-gage gasoline 
locomotive. All construction operations were to be carried on from this 
trestle. Concrete was to be transported in buckets from the mixing plant 
to all parts of the work on flat-top cars hauled by the gasoline locomotive 
and deposited in the forms by the crane. The crane would handle one 
full rib of the centering fabricated in the yard. The plan called for a 
division of the arch rings into three ribs parallel with the longitudinal 
axis of the arch. Each rib was to be poured in continuous operation and 
the contention was made that this would result in a more substantial arch 
than one poured in three full sections with transverse joints in the thin 
arch ring. Five sets of centering covering one-third of the width of the 
arch were to be used in the first position along the right side of the 
structure, in the second position along the left side, and, finally, in the 
middle section after the erane track had been placed on the completed 
section of the arch. An analysis of the pier proved it to have the required 
stability under any condition of construction loading. The bent support- 
ing the centering on pier footing was to be bolted to the pier to preclude 
danger of a wash out. With the completion of one-third of the arch all 
piers would be stabilized. After a careful consideration of the two 
schemes, the alternative plan with structural steel centering was adopted. 
The contractor arranged his schedule of ring construction to complete 
five sections in one month so that the first section of centering used 
could be moved bodily to its second position after the completion of the 
fifth and so on in continuous operations. In the meantime work on the 
parapet walls and balustrade was carried on. 

B of Fig. 15 illustrates the easy manner of erecting one full rib of 
tlw centering; the insert, A, shows centering in place ready for the lag- 
ging; C is a view of the working trestle during pier construction and D 
shows stability of the structure during construction and a thwarting of 
the flood hazard, 


Hupson County BOULEVARD BrRipGe PLAZA 


The Hudson County Boulevard is the one north and south bound 
‘horoughfare extending the length of the county along the Palisades on 
\'e New Jersey side of the Hudson River opposite New York City. It is 
‘:» of the most important thoroughfares of the Metropolitan District, 
u-t as the Lincoln Highway carrying all the traffic suuth and west 
frei’ New York City. Its importance will be greatly increased when 
the .‘olland vehicular tunnels now under construction under the Hudson 
liiver lhetween Jersey City and lower New York City are opened. 

The alignment of the boulevard is fairly straight until it reaches 
the point, in the vicinity of Journal Square, Jersey City, where it is 
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carried over a depression, in which the tracks of the Pennsylvania and 
Hudson and Manhattan railroads are located, on a three-span structural 
steel deck bridge, 342 ft. long and 60 ft. wide, carrying a 40-ft. roadway 
and two 10-ft. sidewalks. The height of the roadway over the tracks is 
50 ft. The improved roadway beyond the bridge is 60 ft. in width. This 
bridge was built in 1894 when the boulevard was no more than a bridle 
path. Due to the heavy traffic, an excessive vibration developed through- 
out the entire structure, making necessary an immediate reconstruction. 

The boulevard has a very tortuous alignment in either approach to 
the bridge. In a northerly direction the roadway curves to the left, 
starting close to the abutment, through 31 deg. Likewise, going south 
it begins to curve to the right immediately as it leaves the south abut- 
ment through 77 deg., then follows one full block of tangent and another 
turn left through 46 deg. In this elbow is the center of great traffic 
activity, which is due in large measure to the excellent rapid transit 
service to New York, afforded by the Hudson and Manhattan “tube trains,” 
from the Journal Square station which is located just east of the south 
end of the bridge. 

In 1912, the first year of operation, the tube trains carried 4,000,000 
passengers from the Journal Square station. In 1922 this was increased 
to 24,000,000 and since then there has been a further increase. These 
figures give a fair indication of the growth and magnitude of traffic in 
this section. The great bulk of this passenger traffic is handled to and 
from the station by buses, private cars and taxicabs along the boulevard. 
A small portion is carried by street car service to the terminal on the 
station concourse. Before the general use of buses, this was the main 
carrier to the station. 

All the bus lines with one exception terminated near the south abut- 
ment of the old bridge discharging and loading passengers on the bridge 
and around the curve immediately adjacent thereto. This was for the 
convenience of passengers in reaching the 15-ft. concourse which was the 
only avenue of access from the boulevard to the station. The buses from 
the north discharged passengers on the bridge and turned around in two 
narrow streets forming Journal Square. The Bergen Avenue line used 
these streets also and turned at the street intersection north of the bridge 
which is also the turn around for buses from the south on the boulevard. 
The two principal lines, north and south on the boulevard carry monthly 
over 2,000,000 passengers. To complicate the situation, there is the through 
Lincoln Highway and local travel on the boulevard. The maximum eight- 
hour count of vehicles over this bridge four years ago was 15,000. These 
factors, the tortuous alignment of the boulevard, the narrowness of the 
bridge roadway which gave great intensity of vehicular travel, the in- 
accessibility of the station and the enormous growth of travel have caused 
a traffic congestion comparable in importance and magnitude to the larger 
traffic problems of the Metropolitan District. The design of a new bridge 
at this point had to contemplate first a solution of this traffic congestion. 
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A plaza greater in magnitude than the usual bridge replacement was 
deemed necessary. 

Two solutions were developed in the course of study as shown in 
plan (see Fig. 16), which are differentiated by titles “Initial Plan” and 
“Adopted Plan.” The scale of the adopted plan is twice that of the 
initial plan. They are drawn in aparallel position, however, to facilitate 
the relating of buildings, streets, railroads, the old bridge and other topo- 
graphical features to both plans. The old bridge is shown in position by 
dotted lines in the adopted plan by which the circuitous alignment of 
the boulevard may be traced. 

The Initial Plan.—This plan contemplated a correction of the align- 
ment of the boulevard and a solution of traffic difficulties of this section 
by projecting a new street forming the hypotenuse of a triangle with the 
existing alignment to divert part of the traffic from the principal turn 
of the boulevard at the south abutment where the traffic jam occurred. 
The new 90-ft. street cleared the six-story Elks’ Club House and two large 
apartment houses marked “M” and “N”. The buildings that would be 
razed in the line of this new street between the three buildings mentioned 
are two-story frame dwellings which are incongruous with the rapidly- 
increasing property values. ‘The new or so-called complementary street 
was carried across the cut of the railroad and intersected the present 
roadway of the boulevard just beyond the northerly abutment of the old 
bridge. The two roadways over the tracks, the one in position of the old 
bridge, the other, the complementary street, formed the sides of an A- 
shaped bridge plaza 200 ft. in width at the northerly abutment or apex, 
525 ft. in width at the base along the top of the railroad cut, the length 
or altitude being 465 ft. 

Traffic Movements.—This A-shape made possible a one-way movement 
in traffic control. Within this space three large platforms were placed 
to separate the traffic southbound on the westerly leg and northbound 
on the easterly leg or roadway of the bridge. The two platforms parallel 
with the roadways form a center plaza wherein the north bound vehicles 
or buses could be drawn away from the through traflic. Passengers would 
be unloaded on the one platform and loaded from the other, the vehicles 
turning within the area. The large platform forming the crossbar of the 
“A” would be used as a receiving and unloading platform for southbound 
passengers. ‘The buses would operate along the lower or curved side of 
the platform. The upper or straight edge of the platform would be used 
for private vehicles from the north turning with the general traffic move- 
ment. The sides of this big platform would be used for unloading pas- 
sengers from vehicles continuing north and south beyond the plaza. There 
is a parking space in the center between platforms and along the side 
of the platforms for taxicabs and momentary stops of private vehicles. 
Private vehicles could also park along the roadway sides of the platforms. 

Stairways were planned to lead from the three island platforms to 
two longitudinal and one main or transverse passageway built directly 
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underneath and suspended from the bridge floor. The transverse passage- 
way was in line with the existing passageway to the station and was to 
be built underneath it to the width of 20 ft. Other stairways from the 
various corners of the plaza connect with these passageways to make it 
possible to reach the station or the three island platforms from any point 
on the surface without crossing the roadways. Hudson County and Jersey 
City authorities jointly would remove the buildings in Journal Square, 
thus giving Bergen Ave. proper access to the boulevard. 

Plaza Model.—To better visualize the entire project a mechanical 
model (see Fig. 17) was made to a scale of 1 in. equal to 20 ft. The 











HUDSON COUNTY BOULEVARD BRIDGE PLAZA. 
BIRDOS-EYE VIEW OF MECHANICAL MODEL OF INIT |AL PLAN. 











Fia. 17. 


roadway of the model was made of laminated wood 3/16-in. in thickness. 
Slots were cut in the roadway in the center along the principal lines of 
traffic movement making loops of each separate route. Under the ends 
of the roadway were slipped sprocket wheels or cone pulleys so set that 
the face of each slip came directly under the turn in the corresponding 
slot in the street. The toy pressed pewter automobiles were secured by 
hair pins to chains acting as cableways and operating around the sprocket 
wheels. By turning the propelling crank to left of model box all lines 
moved around the plaza along their proper routes showing continuous 
movement without interference. 

Adopted Plan.—Balanced against this scheme was the alternative 
plan which was finally adopted, contemplating a straight bridge, parallel 
sides, 212% ft. in width. A reduction in scope of the undertaking may 
be given as a principal reason for the decision made in favor of the 
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straight bridge. Legal complications did arise with question of authority 
of county to project a new street through the city. 

The deck of the bridge is composed of three roadways separated by 
two safety isles or platforms, each 1714 ft. in width. In addition there 
are two main sidewalks of the same width. The westerly roadway is to 
be used for southbound through traffic, the easterly roadway for north- 
bound through traffic and the center roadway with safety isles are to be 
used as the bus terminal. The direction of travel along the three road- 
ways is indicated in plan by arrow marks. Traffic regulations will be nec- 
essary at either end of safety isles as the southbound bus leaves on turn 
and northbound bus enters the center roadway, and vice versa. This regu- 
lation may be corrected later on by operating buses in through service 
for the full length of the boulevard. The arrangement draws the buses 
out of traffic and will correct the traffic jam, but not as effectively as 
the initial plan because the southerly turn from the plaza leads to the 
existing 60-ft. wide boulevard which must carry the traffic in either direc- 
tion as heretofore. It is true that in the initial plan this condition pre- 
vails also, but at a considerable distance from the center of action giving 
more space for a spreading out or reduction of traffic intensity. 

Work in construction of the new bridge started in October, 1924, and 
will be completed about the first of September of this year. 

The bridge is composed of two main arches of 140%4-ft. span and 
23-ft. rise. These spans consist of 13 separate arch ribs 5% ft. in width 
and 12 ft. apart. One arch spans all the tracks of the Hudson and Man- 
hattan, a third-rail electric system, and the other spans the Pennsylvania 
R. R., not electrified. Superimposed on these arches is a series of concrete 
columns which support a reinforced-concrete roadway slab. Beyond the 
tracks the roadway slab is carried by columns variable in height from 
the footing courses, the maximum of which is approximately 50 ft. The 
general arrangement of the arch ribs is shown in sectional elevation and 
plan of Fig. 16. 

The angle of crossing of the bridge with the railroad tracks is 74 
deg. 15 min. The complications inherent with the design and construc- 
tion of a skew arch bridge were precluded by an arrangement in which 
each arch rib is placed in a normal position. The small offset of each 
arch pier and abutment shaft formed along pier and abutment wall lines 
has been developed into a pleasing architectural composition. 

The arch rib type forms another function in the scheme of traffic 
regulation. It will be possible to suspend from and place between the 
arch ribs as many passageways as will be required for passengers going to 
and from the station to the buses. Stairways from the bus platforms will 
lead to these passageways with further connection to train platforms and 
station. At present two longitudinal and three transverse passageways 
are contemplated. Provisions for one transverse passageway have been 
made in the upper hollow portion of the center pier and the other two 
over the abutment sections. With these passageways pedestrians and 
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passengers may reach any corner of the plaza, the safety isles to buses 
and the station without crossing the roadways jammed with vehicular 
traffic. Any surface regujation of combined vehicular and pedestrian traffic 
across a width of 176 feet of roadway would considerably retard both and 
the danger of accident to pedestrians would not be eliminated as it would 
be with the passageways. 

The pier shafts have the same width of main arch ribs and have not 
heen enclosed below the springing line. A connecting arch forms a pas- 
sageway on the track level so that in the future it will be possible to 
construct a platform around the pier for an exchange of passengers be- 
tween the two railroads. 

The plan so far described contemplates a measure of traffic require- 
ments of the future. It must anticipate a method of construction that 
will give the least amount of inconvenience to the traveling public and 
reduce to a minimum construction hazards and danger to life and limb. 
It must premise no delay to train movements. During the rush hours of 
commuting service there is a tube train movement under the bridge every 
30 seconds. There are minimum railway clearances and the space avail- 
able for plant development and all other construction activities is con- 
siderably restricted. All the limitations previously mentioned, with the 
exception of flood conditions, are found in this work. 

It will be recalled that the boulevard curved through an angle of 77 
deg. as it left the south abutment of the old bridge. Since this turn will 
always be the point of greatest traffic regulation, the neck of the bottle, 
so to speak, it was imperative to reduce the angle of this turn as much 
as possible in fixing the position of the new structure. 

This angle of curvature was reduced 10 deg. and considerably im- 
proved without materially affecting the turn at the other end of the 
structure. It was possible with this alignment to construct five main 
arch ribs of the north span and six of the south span beginning with 
the westerly face of the bridge together with all the approach work 
adjacent thereto, and leave the old bridge in the meantime in position to 
carry the boulevard traffic. The upper view of Fig. 19 shows this part 
of the structure almost completed. The concrete is being conveyed by a 
system of chutes, arranged to cover the entire area of the structure, lead- 
ing from a central tower 180 ft. in height. Because of the limitations to 
space available for plant and equipment due to railroad track require- 
ment, the mixing plant including storage bins of 100-cu. yd. capacity, was 
located advantageously adjacent to the center pier in a 12-ft. space be- 
tween arch ribs No. 6 and No. 7. In this position it is immediately 
adjacent to the old bridge on the one side and the completed portion of 
the new bridge on its other side. The top of the bins is placed at a 
level with and is an extension of the bridge floor so that the materials 
hauled by trucks may be dumped directly into bins, first conveyed over 
the old bridge and later over the portion of the new bridge which when 
completed will also receive the traffic of the old bridge. The old bridge 
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will then have outlived its usefulness and will be dismantled to enable the 
completion of the final portion of the new structure. The small portion 
of the new bridge floor occupied by storage bins will remain to be com- 
pleted as the last concrete operation after the distribution tower and bins 
have been removed. 

The design and construction of the main arch ribs, were other im- 
portant considerations. The ribs were proportioned to give the necessary 
train operating clearance over the tracks anticipating the use of structural 
steel arch centering in their construction. The lower view of Fig. 19 and 
all the views of Fig. 18, illustrate this feature. A three-hinged arch 
centering was designed especially for this work. The top chord conforms 
to the curve of the intrados of the finished concrete arch ribs. There are 
three sets of arch centering for each span and since there are thirteen 
concrete ribs to be formed the reuse operations reduced the cost of center- 
ing to a comparatively small figure. To move the steel arch centers they 
are lowered a sufficient amount to clear the underside of the finished con- 
crete arch by striking a system of wedges used in jacking them to the 
correct elevation. A nest of rollers replaces the wedges and the entire 
structural steel unit consisting of three sets of ribs is rolled along to the 
next position. A hand winch supplies the motive power. During the 
moving horizontal tie rods counterbalance the horizontal arch thrust due 
to its own weight and facilitates the sliding by relieving the pressure 
against the sliding skids arranged along the face of abutment and piers. 
These skids were freely greased to further reduce frictional resistance. 
It requires less than one day to do the actual moving. 

It was no little problem to make the initial erection of the steel arch 
centering over the moving trains of both railroads. They were assembled 
on the ground in halves, each half weighing 12 tons. Exactly one hour 
between 3 and 4 a. m. was allowed between the less frequent train move- 
ment of that hour for raising and connecting these heavy frames in their 
final position. This was accomplished on schedule time without mishap 
by two large cranes. 

A careful provision was made in the pouring of the arch ribs to com- 
pensate for the deflection of the centering. The computed theoretical 
defiection due to maximum condition of loading in pouring of the concrete 
was approximately %-in. In erection, the centering was cambered 2 in. 
at the crown to allow for this deflection and for additional deflection due 
to compression of timber thrust blocks and settlement at the supports. 
The actual total deflection measured varied from 1% to 2% in. The arch 
ribs were divided into five voussoir blocks, one at the crown and two on 
either side. Similar blocks of either side were poured simultaneously to 
give symmetrical loading of the centering. In addition a key block 4 ft. 
in width at the haunches or skewbacks was provided and left unpoured 
until the five blocks composing the rib had been poured. The load of these 
five blocks gave full deflection of the centering, and since they were not 
joined with abutments or pier by reason of the 4-ft. key, they were free 








610 Design AND ConstrucTION Or ConcretTE BRIDGES. 


to move with the deflection. The arch ring bars were lapped in the key 
to give further unrestrained movement. Two or three days after the main 
blocks were poured the arch was completed by filling the key sections. If 
the concreting of the ribs had been started at the skewbacks and carried 
in continuous operation to the crown, the deflection of the centering would 
cause serious cracking of the concrete somewhere in the haunch sections. 
It was interesting to watch the movement due to the deflection of the 
centering as it was translated and measured at the top of bars formed in 
the 4-ft. key section. 

A considerable amount of traprock was excavated adjacent to the 
tracks, the old bridge and construction operation, the dynamiting for 
which was carried on with consummate skill by forces of the contractor. 
Not a single accident marred this hazardous work. A peculiar rock forma- 
tion was encountered. Over the easterly portion of the structure the rock 
outcropped for full depth of the railroad depression, but fell away sud- 
denly to great depth below the track level within the footing area. The 
entire north abutment is founded on rock as is also the rib shafts of the 
center pier with the exception of the last four westerly ribs. Only the 
four easterly rib shafts of the south abutment will be founded on rock. 
Elsewhere a very compact gravel was encountered and the ribs are founded 
there on a continuous reinforced-footing slab. 

A of Fig. 18 is a view of the center pier construction showing the 
floor slab in cantilever to form the expansion joint, a detail of which is 
shown in Fig. 10. A similar joint is provided adjacent to the abutments. 
In addition there are two construction joints at the junction of the slab 
and column floor construction with slab construction supported by crown 
section of the arch. The center pier section was built up by constructing 
a small portion of the arch ribs with it. This section of the floor was 
used advantageously as a working platform in carrying on the construction 
of the arch ribs and the floor slab over them. 














QuESTION Box. 


1. Given a sudden cold snap in the course of concrete construction, 
with a lapse in cold weather precaution, or a suspivion in the mind of 
the engineer in charge as to the possible inadequacy of covers or heating, 
what is to be the basis of subsequent judgment us to when forms shall 
be stripped? 

L. C. Wason (By Letter).—This company has been through several 
such experiences. In our experience one freezing and staying frozen will 
do the concrete little or no damage; or one freezing and thawing out 
will not seriously impair the quality of the concrete. Alternate thawing 
and freezing will ruin it. 

We have solved the question by heating the frozen concrete under 
proper conditions of protection by canvas or otherwise, trying to see that 
the heat on the ceiling is not more than 100 deg. and at the floor line is 
40 deg., or above freezing in any event. After the concrete has properly 
thawed out it is kept heated for some time until it is proper to draw the 
forms, namely, from 10 days to 15 according to the care and degree of 
heat which has been applied after the concrete has been thawed. Under 
such circumstances we have avoided any ultimate damage to the concrete 
and have saved concrete which at first appeared to be in a hopelessly bad 
condition. 

F. R. McMitian.—I realize that my answer may not be very help- 
ful. Having tested a good many grades of concrete, grades arising from 
many different causes, | look for a resemblance in a sample or a slab to 
some specimen I have broken. Knowing at what strength such specimen 
broke, I am able to form some conclusion as to what the concrete contains. 
I believe that such visual examination with hammer or chisel offers a 
means for anyone who has had such experience to form some conclusion 
as to the quality of the concrete. Where this experience is lacking I do 
not see how the method can be very helpful. 

A. R. Lorp.—As I see this question, it involves pretty nearly every 
building which is built in seven out of twelve months in this climate. 
This is a question that arises 100 per cent of the time on winter concrete 
in building operations in Chicago or in similar latitudes. The question 
sets up a case in which a “sudden cold snap” raises a doubt. Ordinary 
late fall and early spring weather are as treacherous in this respect as 
any cold snap for the latter brings its own warning which the former 
sneaks in with only mildly uncomfortable days to conceal its desperate 
curing conditions for concrete. Concrete requires both moisture and 
warmth for curing-——and both simultaneously. The absence of either in 
a satisfactory degree is cause for precautions to be taken. In Chicago, 
for instance, assuming that a 1: 6 concrete under ordinary job conditions 
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gives a 2,000 lb. concrete at 28 days in July and August, the probable 
strength in other months on the basis of probable temperature and assum- 


ing an adequate supply of moisture would be: 


Probably 28 days strength (no heating) 


Mean of 
Months Considered 54 Years Warmest Years Coldest Years 
June and September ............ 1,800 1,900 1,700 
WE NE POU ok sce ce wdi es 1,500 1,750 1,350 
MAN) Wr sGhinch<sncacacsas 1,300 1,500 1,100 
November and March ............ 1,050 1,250 850 
December, January and February.. 700 1,100 


If forms are taken out in less than 28 days as is commonly done 
even in winter, the strength will be reduced below the above figures. If 
a floor slab has a cold basement under it, with poor air circulation, its 
strength may be.greatly reduced. This table indicates the need of artificial 
heating in Chicago from November to March in years of normal temper- 
atures. 

The use of a concrete with about 4-in. slump, put in hot and kept 
at 65 deg. to 70 deg. F. for from three to seven days, is good insurance 
against collapse when forms are removed. 

But the question assumes that there is doubt as to the safety of 
removing the forms and asks how the issue may be safely decided. I 
believe it can be safely decided—in fact experience shows that it is com- 
monly so decided—but only by those with first-hand acquaintance with 
concrete on the job. An old superintendent rarely makes a mistake, 
although he frequently flirts desperately with disaster—and once in a 
while one gets thrown for a fall. I believe the best jury to decide this 
issue is made up of one (1) part old superintendent and one (1) part 
engineer trained in testing concrete. Assuming that the man who asks 
this question has responsibility in the matter (and he had better not reach 
for any if it does not belong to him) I would advise him to get his 
“jury” and proceed as follows: 

(1) Be sure that the concrete in question is not frozen. Test pieces 
from several locations near a radiator. Put in salamanders for one day 
if in doubt—it will help to dry the concrete out and increase its strength 
in any case. 

(2) Examine the fine and coarse aggregate to see if the materials 
and the proportions used in the work are reasonably good. 

(3) Strip lintel beams, hatches and columns and break off small 
pieces, testing their cross-breaking strength and appearance of the fracture. 
Test mortar in these pieces with penknife. 

(4) Make the usual crude tests by striking a sharp blow with a 
hammer (examine indentation and listen to “ring”) and by driving in 
8-d. nails. These tests are worthless unless repeated many times, over 
the area to be tested, but under such repetition become quite reliable. 
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(5) If the jury agrees, take its verdict. If they disagree, take several 
good-sized pieces of concrete and test for crushing strength. 

The standards of judgment on such field tests are based solely on 
experience. Well-cured concrete has a distinctly different look than green 
concrete, readily recognized by an engineer with testing experience, and 
also by many field men. Good concrete can be broken in the fingers; but 
not easily. Good concrete rings under a hammer and shows only slight 
indentation. You can drive an 8-d. nail into 2,000-lb. concrete, but 
not easily, nor will every attempt finally be successful. If you can easily 
drive in a nail almost anywhere, do not remove any forms until the con- 
crete has had several days of 65 to 70 deg. F. temperature with an 
ample moisture supply except for the last 24 hours when the slab should 
be dried out. 

If the construction above is not able to carry itself and imposes a 
load far beyond the designed capacity of the floor in question, such con- 
struction must receive the same attention. 

J. C. Grapy (By Letter).—The question we will assume includes the 
removal of shores, because the time when the sheeting is removed is of 
minor importance. Not only the shores in the story which has suddenly 
been subjected to freezing temperatures, but also the shores under the 
floors below, which may have been concreted during cold but not freezing 
temperatures. Provided the concrete has not frozen or alternately frozen 
and thawed, the question can be readily answered, but if the concrete has 
frozen the situation then required the exercise of extreme care and judg- 
ment. 

To determine whether concrete is frozen, break off a piece and take it 
into a warm room, do not place this test piece directly on top of stove or 
in extremely high temperature, as the effect is very misleading. “Sound- 
ing” the concrete with a hammer is not a satisfactory method. 

Unusual precautions are necessary when concrete in structural mem- 
bers is frozen because when the concrete has thawed and a temperature 
of 70 deg. is established this concrete will gain strength very slowly. 
(See Proceedings, A. C. I., 1916, page 241.) This temperature of 70 deg. 
should be maintained for two weeks after concrete has thawed and the 
concrete should be kept damp to assist in the gain of strength. Before 
subjecting concrete which has been frozen to heavy loads, it is desirable 
to apply a test load or cut sample from same for test. 

If the concrete has not frozen a judgment can be based on a study 
of the temperatures to which it has been subjected. The Portland Cement 
Association in its pamphlet called “Concrete in Cold Weather” gives a 
table showing the daily gain in strength of concrete at the age of one to 
twenty-one days at temperatures from 40 to 70 deg. From this table you 
will note the great necessity of applying heat immediately when the con- 
crete is placed. On the first day the difference in gain in strength between 
70 and 40 deg. is 145 lb. per sq. in., while on the sixth day the difference 
is only 16 lb., and the twentieth day only 6 Ib. 
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It should be further noted that the tests reported in the A. C. I. 
Proceedings, 1916, show that at temperatures below freezing the gain in 
strength of concrete which had been heated to 60 deg. for five days are 
very small. Therefore, in cold climates two stories should be kept enclosed 
and heated. 

If the temperature on the first day was below 40 deg. but above 
freezing, it would be well to heat for two days longer than is required 
by the table, to give a strength of 500 Ib. 

Any floor which has been subjected to low temperatures before the 
concrete was five days old, should be carefully watched when the shores 
are finally removed from under it. It must be kept in mind that this 
floor may then have to carry some increment of load from the floors above 
which are still shored. 

D. S. Cotpurn.—Mr. Grady referred to a table that the Portland 
Cement Association has issued on concreting in cold weather. I believe 
that Mr. Hart would like to say a word about that table. 

W. E. Hart.—It has been found this year that a number of the cal- 
culations in that table are not absolutely accurate. So far as the daily 
increments are concerned, we have no hesitancy in standing behind it. 
However, if you add up your total number of pounds for the 28 days, you 
will find that you will only get about 1,500-lb. concrete where you should 
have 2,000 lb. The daily increase is satisfactory and the part referred 
to, I believe, is all right. 

2. What has experience taught in construction and in concrete 
products manufacture as to variations in hardening properties of standard 
portland cements at various temperatures and under special conditions of 
placing and curing? Are standard cements relatively uniform under ordi- 
nary conditions? Under unusual conditions? 

P. H. Bates.—You will have noted from the question that the word- 
ing “standard portland cement” is used. I did believe for a while that 
we had a standard cement, but recently certain sections of the country 
have prepared standards of their own. In addition of course there still 
remains the standard known as American Standard No. 1 of the American 
Engineering Standards Committee, which is identical with that of the 
American Society for Testing Materials and the Federal Government, and 
finally we still have, according to advertising literature, “the standard by 
which all others are measured.” 

Portland cement itself is just as heterogeneous as is this apparent 
condition in regard to our standard. It is composed of three distinct 
compounds—tricalcium silicate, tricalcium aluminate, and dicalcium sili 
cate, to say nothing of a number of minor constituents. I want to show 
through a few slides and curves that portland cement of average com- 
position will contain these constituents in different amounts and that 
these constituents in the presence of moisture react to different degrees, 
and then finally ask, “Can you expect uniform results from such a hetero- 
geneous material, or must we not always expect and consider each cement 
a distinct problem in itself?” 
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In the three figures presented on pp. 615-7 is under consideration, first, 
the different constituents; second, different cements; third, how the differ 
ent constituents are affected by the presence of gypsum, and fourth, how 
fineness affects the absorption of water. In all the curves “A” refers to 
the material so ground that it will pass a No. 325 sieve. “B” refers to 
the material which has passed a No. 200 sieve but retained on a No. 325. 
The letter “C” indicates that the material is a commercial cement. The 
letter “K” indicates that the material is ground clinker corresponding 
to the cement of the same number. No extended discussion of these figures 
is needed. They are self-explanatory, and as indicated before they show 
distinctly that the different compounds present in cement will absorb mois 
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r1G. 1.—PER CENT GAIN IN WEIGHT OF CONSTITUENTS OF PORTLAND CEMENT 
KEPT AT 96 PER CENT RELATIVE HUMIDITY AS A FUNCTION OF TIME. 


(A) Material which passed through No. 325 sieve. 


Dat 
(B) Material which passed through a No, 200 sieve but was retained on a 
No. 325 sieve. 





ture when placed in an atmosphere at a relative humidity of 96 per cent 
at quite different rates and amounts, that the presence of gypsum mate 
rially alters this rate and amount, and that the degree of fineness again 


It is also quite evident that the different 
commercial cements are quite different in their ability to take up water 


materially alters this problem. 
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~PER CENT GAIN IN WEIGHT 
CEMENTS KEPT AT 96 PER CENT RELATIVE HUMIDITY AS A 
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FUNCTION OF TIME, 


ALUMINA AND PORTLAND 


(A) Material which passed through No. 325 sieve. 
(B) Material which passed through No. 200 sieve but which was retained 
on a No. 325 sieve. 
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FIG. °3.—-PER CENT GAIN IN WEIGHT OF SOME PORTLAND CEMENTS AND THEIR 
CORRESPONDING CLINKERS KEPT AT 96 PER CENT RELATIVE 
HUMIDITY AS A FUNCTION OF TIME, 

(C) Cements; (K) Clinkers. 
(A) Material which passed through No. 325 sieve. 


(B) Material which passed through No. 200 sieve but which was retained 
on a No. 325 sieve. 
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S. C. HoL_ister.—There is in existence a table showing a number of 
tests made by the municipal testing laboratory in Philadelphia. There is a 
considerable number of brands of cement represented. It gives the number 
of samples and the number of barrels per sample represented. There is 
a fair uniformity in the values as to time of set, and as to strength, with 
the one exception of Atlas Lumnite, which does not fall in the group of 
cement coming under the standard test for portland cement. I want to 
point out distinctly the fair uniformity in strength and time of initial 
and final setting. The temperatures of the laboratory range from around 
70 deg. up to 75 deg. or 76 deg. Tests conducted at different room 
temperatures, revealed the difference in time of final set due to difference 
in temperature. At 70 deg. to 75 deg. F., the final set is fairly well 
grouped for the particular brands here shown. When the temperature 
is lower during the conduct of the test there is a continually widening 
zone between the cement represented by the upper curve and that repre- 
sented by the lower curve until, at a temperature of 32 deg. F. there is 
over 100 per cent difference in time of set. 

It is not intended that these data be taken as a standard value for 
cements in general or even for any cement in particular, but it is intended 
that they be taken as indicative of the wide range between the various 
brands of cement. Considering tensile strength at 24 hours of three brands 
of cement common in the eastern market, one notices that at 32 deg. F. 
one cement had no strength, one had very little and another was up 
about 180 lb. to the square inch. It would be helpful to know by what 
means the standard tests would show this tendency of the curves to 
diverge at the lower temperatures. To carry this into the field, it has a 
direct effect on the time of stripping surface forms. If the cement sets 
up siowly under the particular temperature conditions, the forms must 
he left on a longer time or there is danger of pulling the cement mortar 
surface of the wall off with the form. Obviously the result is that a 
builder will select his brands of cement knowing that they have particular 
characteristics at lower temperatures. Even under the 60 deg. temperature 
condition he will undertake to select those brands that will give him as 
high a strength at this particular temperature condition at as early a 
date as possible. 

G. W. Hutcuinson.—It seems to me that we can think over what 
Mr. Bates has said in regard to the lack of uniformity and possibly sup 
plement his discussion with physical tests. I agree with Mr. Bates that 
we do not have anything but general standards for portland cement. The 
A. 8. T. M. standards are about the only ones we know, but I question 
whether they will satisfy in many cases. It is the question whether we 
consider the average of two, three or four briquets of cement from a 
single sample; the range of cement from a given mill throughout a month; 
or cement from several mills throughout the year. We also have to 
consider the structure in which the cement is used. We usually design 


our concrete for 28 day strength and assume that the 28-day strength 
is satisfactory. 
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In highway construction however it develops somewhat into a rate 
of hardening rather than into the actual strength of the concrete at 
this period. While with the North Carolina Highway Commission, we 
decided that the present standard cement test was of but little value in 
this respect. We undertook to investigate cement from about 18 different 
mills. At 28 days those cements varied the 1: 2:4 concrete strength 
from 1,500 to 4,000 Ibs. per sq. in., yet at later ages some cements which 
might have indicated 1,500 Ib. at 28 days showed as much strength as 
those which ran 3,000 Ib. So it is not always economic to select by the 
early strength, especially in highway work where you approach a need 
for ultimate hardening instead of high early strength. 

A good many cements are rejected unfairly. We had one experience 
where cement did not harden satisfactorily for sixteen days, yet at the 
age of three months, we found that cores from this section gave us the 
strongest concrete we had in the state. I think it develops into a matter 
of getting more definite means of determining the value of each cement 
which should extend beyond such tests as are made at the age of 7 or 
28 days, and should include the rate of hardening. In other words, let 
that influence the selection of cement as far as the construction is con- 
cerned. We cannot depend on the present specifications to detect such 
values in our cements. 

JoHN G. AHLERS.—I believe there has been a feeling right along that 
we were getting on dangerous ground when we began discussing the 
strength of cement. But I believe also it is a question that is going to be 
of increasing importance as we get more and more familiar with con- 
trolling our concrete with a strength specification. For instance, when 
we compare our test results with such as Professor Abrams has from his 
laboratory, where he has mixed many different brands of cement together 
to get an average cement. I do not believe that the tension test of the 
A. S. T. M. we are now using for determining the quality of our cement 
is going to be satisfactory to us in the future; I believe that we should 
parallel that with compression strength tests of the cement. The neces- 
sity for such was brought out in connection with some tests we made 
when tracing back the variation from batch to batch in some concrete 
specimens where from the various batches fortunately we had saved and 
tested some samples of cement in compression. There were three bags in 
each batch and samples were taken before it was dumped in the mixer. 
We found curious analogy between the strength of the cement-mortar 
specimens and of the different concrete specimens, so that the difference 
in strength of the concrete was directly traceable to the cement which 
was all out of the same car. I hope that the cement manufacturers will 
co-operate to investigate cement more from this angle. 

W. M. Kinney.—I would like.to raise one point in the interest of 
our old friend cement. Aren’t we dealing with a material which, from 
its very inception, is going to be somewhat non-uniform? Just what uni- 
formity are we after? We are handling a material which is sold for ten 
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to eleven per ton. We have got to have and must expect some non- 
uniformity. Just what are we after here? 

A. E. Linpavu.—Is there anyone who is willing to answer that ques- 
tion? As nearly as I can gather we are after a fine, high-grade cement. 

Ernest AsHton.—lIsn’t that what we have? I am not representing 
the cement manufacturers. I have listened to several discussions with 
regard to the non-uniformity of cement, and I might say, as a cement 
manufacturer, that the most pertinent thing we have to consider is that 
very question. We have struggled for a number of years trying to find a 
method of test that will reveal this uniformity. We went through the 
specification process of tensile strength and then switched over to the test- 
ing of cement in compression. A survey of the papers presented at the 
meeting this year, indicate we should now change back as tensional value 
and not compressional values are needed. We have not reached the point 
yet where we know what are the merits of the material itself. 

Let me say this with reference to variation with respect to brands 
amounting to 40, 50, or 65° per cent. We took an individual sample a 
year ago and sent it out in behalf of Committee C-l. We made as 
homogeneous a sample as possible and sent it to 19 of the most repre- 
sentative laboratories in the United States. We did not get any 40 or 
50 per cent variation in test result, we got 100 per cent variation. We 
are more serious about this than you are; this is our life blood; this 
means everything to us, it is an ordinary passing event to you; we have 
not reached the point yet where we can satisfy ourselves as to what is 
the method that will give us the interpretation of the cementitious value 
of the material. 

If you have got something to offer us we are ready 100 per cent to 
fall in line; but what is it? Let us reverse this question. Where does 
this non-uniformity lie?) Does it lie in the material or in the matter 
of ‘test ? 

8. By what methods can high early strengths be obtained with stand- 
ard portland cement? 

JosepH H. Cuuss.—The marked effect of water on the strength of 
both neat cement and concrete js clearly shown in the following tabulation 
of results of tests at our research laboratory: 


Water 


Cement Slump Compressive Strength Pounds Per Sq. In. 
Mix Ratio Inches 1 Day 2Days 3 Days7 Days 28 Days 
(Neat 0.14 Dry Tamped 2800 
Cement ) 0.23 “ " 5400 (Maximum strength ) 
7 0.28 od # 4100 
- 0.35 Normal (Consistency) 2500 
a“ 0.39 . 2100 
? 0.65 Grout 550 
1-5 1.15. 7-9 170 510 720 1110 #2580 
1-5 0.93 Y%-1 370 860 1120 940 3970 
1-3 0.7 7-9 660 1310 1940 2780 5030 
1-3 0.63 %-1 2070 2550 5610 


1040 


3660 
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The strength of mortars and concretes depends on the water-cement 
ratio so long as the mix is workable. Mortar is sand held together with 
glue made of cement and water. The stronger the cement water glue the 
stronger the mortar. Concrete is coarse aggregate held together by mortar 
and any desired strength within a wide range may be obtained by varying 
the water-cement ratio. 

Common practice in construction work is to specify mix and to obtain 
increased slump or workability by adding water, thereby sacrificing 
strength. The right practice should be to specify water-cement ratio and 
to increase slump or workability by cutting down volume of aggregate 
thereby maintaining strength and at the same time obtaining the desired 
workability. 

M. M. Upson.—As a user of cement who occasionally has to face the 
problem of early-setting, particularly in the manufacture of concrete 
products, I consider it important that the characteristics of the different 
cements be known. I do not agree with the intimation made by one of 
the previous speakers that it is dangerous to open up this avenue of dis- 
cussion. Most of the members have a very high regard for the accomplish- 
ment of the cement manufacturers. Almost no bad cement is delivered; 
but it is idle for us to close our eyes, to: the fact that there is a wide 
variation in the characteristics of the cements which comes from various 
factories. Some cements show a high early strength; others give very low 
strengths up to ten or fifteen days; and some do not show their full 
strength before the end of a sixty or ninety-day period. However, it is 
pleasing to state that most all cements eventually do show a satisfactory 
compression strength if proper mixtures are used. 

The important point that I desire to make is that with a knowledge 
of cement characteristics it is possible for the user to employ this in- 
formation to his economic benefit. 

In producing concrete products, the size of the kiln is determined by 
the time required to develop a strength sufficient for handling. If that 
period can be reduced 50 per cent by the use of a quick-setting cement, 
the kiln cost is reduced by half, and an equal saving is made in the cost 
of heating and humidifying. 

I have knowledge of tests made in plants, where there has been a 
variation in the early compressive strengths of different brands of cement 
of as much as 400 per cent. This does not mean that the product showing 
the lower early set did not eventually attain almost as great strength as 
those which show the high early strengths. 

It is obvious that the cement showing the early-set is worth much 
more to the user in this particular service than that showing a slow set. 
For this reason it is important that full information on the characteristics 
of cement be made available. 

Rosert Seta Linpstrom.—Calcium chloride has been mentioned as 
obtaining an early set in concrete. A lot of literature has been published 
on that subject. Lately we have heard a good deal about it. There is no 
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question in my mind but that calcium chloride does make early set, but 
we want to be very cautious how we use it. I do not think anybody 
should use calcium chloride in a concrete building where there is steel 
reinforcement. 

4. Under what conditions is the use of retempered concrete permis- 
sible or of adwantage? 

Pror. Durr A. ABRAMs.—I think that the most striking thing which 
I could say on this subject is that, to my mind at least, the old impressions 
concerning this subject are largely erroneous. Our specifications generally 
stated and the older text-books and discussions on this subject almost 
always asserted that concrete should not, under any conditions, be held 
longer than 30 min. before being placed. That is generally accepted as an 
axiom in concrete work. The facts are that concrete would be considerably 
improved if it were possible to hold it for a period of say 30 min. to three 
hours, as the case might be, depending upon conditions, before it is put in 
place. In other words, I believe we would get very much better concrete, 
assuming that it is always plastic. I believe that concrete would be 
greatly improved and not injured, by holding it. 

We have made some tests along this line and such tests have been 
made by others. So far as I know in every case this new impression has 
been borne out. Concrete can be held, and, by slight re-mixing, with ordi- 
nary cement and materials in the usual proportions, for periods of three 
or four hours and still show an actual increase in strength over the similar 
concrete molded immediately. 

That brings up another question which I think should be mentioned. 
We make a time of setting according to the specifications by using a 
cement mixture of normal consistency, a very dry, stiff mixture of neat 
cement. The mixture that we actually use in our concrete has no resem- 
blance to the fixed mixture on which we make our time of setting test. 
The time of setting as determined on neat cement has only the slightest 
relation to what actually happened in the concrete because the conditions 
are so different that there is no basis for comparison. In our concrete we 
are using probably three times as much water as we are using in our 
normal consistency test. That is the reason we get such slight correlation 
between the time of setting and the actual hardening of the concrete. 

I believe there is good reason for retempering with concrete. ‘There 
are some places where it is almost impossible to get satisfactory results 
without retempering. About the only satisfactory method I know of is to 
clean the surface and make a fairly stiff mixture and let it stand for a 
certain period of time before it is put in place. What happens during 
this period? I am not certain that I know everything that happens, but 
I think that the most important thing that happens is that the water in 
the mixture is absorbed by the cement and the aggregate has a tendency 
to reduce the final shrinkage of the mass which ordinarily would cause 
trouble in forming a patch, and in other cases, such as floor construction, 
where a minimum of shrinkage is very desirable. 
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P. H. Bates.—In this question of the use of retempered cements, I Mr. Bates. 
might cite some observations which I personally made a couple of years 
ago. A house was being built back of my home in Washington, and on 
reaching home one night I was surprised to find that the plasterer had 
left his mortar board filled with the stucco which he had been applying and 
that furthermore the mortar box was also full of the mixed stucco, which 
incidentally was made of a white portland cement. Being curious to know 
whether he would discard this amount of mixed stucco I went around in the 
morning and waited until work was started. There was no hesitancy at 
all on the part of the workman to regage the entire lot of left-over stucco. 
It mixed up very nicely into a good fat stucco and was put on the house. 
It is still on and has weathered two winters excellently. 

From this you might deduce that that particular brand of cement, 
if retempered, was all right, or if it was put on a house on the street 
j immediately back of where I live in Washington it would be all right. 
However, as a matter of fact, I believe that the conditions under which 
you can use retempered cement would be those under which you wanted to 
get away from the job as quickly as you could and never see it thereafter. 

In some of the previous discussion regarding this question some state- 
ments have been made in regard to the relation between time of set and 
strength of neat cement and the time of set and strength of concrete. I 
have never seen any convincing data showing that there is a definite rela- 
tion between the two. In fact, all data so far presented has thoroughly 
convinced me that the strength of neat cement is no measure whatsoever 
of the quality of that cement in concrete. 

5. How can you apply the principles of accwrate quality control to 
the making and placing of concrete on small jobs? 

F. R. McMimtian.—We have on this leaflet information which I used Mt- McMillan. 
successfully in controlling a small job. A blueprint from which this leaflet 
was prepared was handed to the contractor with no other instructions. 
After reading this and with almost no question or comment the work pro- 
ceeded. The work was carried out exactly as I would have done it myself, 
with no argument or complaint at any time and almost without comment. 

In this case the instructions were quickly understood and easily car- 
ried out. There is no reason why any man with high school training, in 
fact, any foreman who can read, cannot understand the method and 
apply it. 

One point to which attention should be called is the basis of the curve 
at the top of the leaflet. This curve is not the one from Bulletin 1, 


Structural Materials Research Laboratory, represented by the equation 
s— — frequently used in the design of mixtures. This is the one 
7 





from Bulletin 9 (S — = recommended for concrete where the placing 
x 


and curing conditions are not so well controlled. In these equations, 8 rep- 
resents the compressive strength at 28 days when cured in moist atmos- 
phere and x (an exponent), the water-ratio by volume. 
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The diagram, of course, is in terms of total mixing water, which means 
water carried by the aggregate, plus that added at the mixer. 

The three notes beneath the diagram call attention to the amount of 
moisture carried by the aggregate. These are sufficiently close for small 
jobs when working with the more conservative curve just indicated. 

To get concrete of any desired strength, select from the above curve 
the amount of mixing water to use for that strength. 

Then mix sand and stone as desired until the required consistency or 
workability is obtained, using all the time the correct ratio of water to 
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cement as found from the curve. When sand or coarse aggregate contains 
moisture, the water to be added at the mixer will be the amount shown by 
the curve less that carried by the sand or coarse aggregate as indicated in 
Note 2. 

The more aggregate that can be added to a given quantity of cement 
and water, the more economical the concrete, the limit being that the mix 
must not be too dry or harsh to place readily. 

Illustration: If concrete having 1800 lb., per sq. in..is desired, the 
curve shows that the total water required is 7 gal. per,sack of cement. 
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Suppose moderately wet sand and dry crushed limestone were to be used. 
A first batch should be made up, say, using 1 bag cement, 2 cu. ft. sand 
and enough coarse aggregate to produce required consistency. Two cu. ft. 
of sand as per Note 2 would carry a total of 1 gal. of water. Therefore, 
it would be necessary at the mixer to add 7—-1—6 gal. If it were found 
desirable to use more or less sand to get the desired workability, say 
2% cu. ft. of sand, then the correction would be 1% gal. and water to add 
at the mixer = 7 — 114 = 5% gal. for each bag of cement. 

T. P. Warson (By Letter).—The first requisite for manufacturing 
quality concrete on any job regardless of its size is a man with sufficient 
knowledge and experience to oversee and direct the operation. 

The second essential is an arbitrary specification for the quality of 
the concrete, which in lieu of a more definite and as yet undeveloped 
requirement, should be expressed in compressive strength of pounds per 
square inch at an age of 28 days. This strength specification should he 
amplified with an exact number of gallons of water to be used to each 
sack of portland cement and under no conditions should this ratio of 
water to cement be exceeded. It also should be distinctly understood that 
the moisture in the aggregates is to be considered as a part of the per- 
missible number of gallons of water to be used. 

The third requirement is the use of evenly graded qualified aggre- 
gates. Evenly graded aggregates may be defined as aggregates of definite 
minimum and maximum sizes and a practical average uniformity of the 
in between sizes. 4 

It will be assumed that the fundamental requirements of concrete 
manufacture will be observed, i. e. the use of a mixer in good condition, 
some method for the accurate volumetric measurements of the aggregates 
separately, and that all concrete will be mixed at least one and one-half 
minutes and longer if possible. 

With the foregoing conditions fulfilled the application of the principles 
of accurate quality control in the field manufacture of concrete is a com- 
paratively simple procedure. 

The following outline is a practical method of field control requiring 
a minimum mental and physical effort. 

Predetermine arbitrary proportions by calculation or trial, according 
to the workability required, of one sack of cement to cubic feet of saturated 
fine aggregate and cubic feet of loose coarse aggregate. 

The reason for suggesting a proportion of saturated fine aggregate is 
that saturated fine aggregate of the same grading and from the same 
source of supply will have a constant volume and therefore a constant dry 
net volume and weight. ’ 


To be brief, if we will assume that arbitrary proportions of cement, 
saturated fine aggregate and loose coarse aggregate have been calculated, 
and that the net dry weight of one-half cubic foot of saturated fine aggre- 
gate and the net dry weight of one-half cubic foot of loose coarse aggre- 
gate have been determined, the explanation of the procedure to be followed 
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will enable you to use the same principles in the design of mixtures by the 
trial method. 

The equipment required is two metal cylindrical receptacles (capacity 
one-half cubic foot each; inside height ten inches; and a diameter of ten 
and thirty-one-sixty-fourths inches) and a double beam scale of a capacity 
of one hundred pounds. 

Our problem is to determine the relation of the volume of loose fine 
aggregate to be placed in the mixture to the volume of saturated fine 
aggregate of the proportions, the weight of the water in a unit volume of 
the loose fine aggregate and the weight of the water in a unit volume of 
loose coarse aggregate. 

For convenience referring to the two metal receptacles as “A” and 
“B” the determinations are made as follows: 

Fill “A” about one-third full with water. 

Fill “B” level full with the loose fine aggregate to be used in the 
mixture. 

Weigh “B” and obtain the net weight of the fine aggregate of the 
loose sample. 

Carefully pour the contents of “B” into “A.” 

Measure from the top of “A” to the surface of the saturated fine aggre- 
gate. This measurement enables you to determine the relation of a volume 
of loose fine aggregate to a volume of saturated fine aggregate. Also know- 
ing the volume of the saturated fine aggregate of the sample you can 
readily determine the net dry weight of the sample, which deducted from 
the weight of the loose sample, gives you the weight of the water in a 
volume of the loose fine aggregates. 

Next obtain the average net weights of six determinations of a recep- 
tacle level full with the loose coarse aggregates. The difference between 
this average weight and the known weight of a volume of dry loose coarse 
aggregate is the weight of the water in the loose coarse aggregate to be 
used in the mixture. 

We now have all the information required and on the basis of the 
proportions used, the moisture in the aggregates is deducted from the 
specified gallons of water and the gallons of water added accordingly. 

The use of a diagram and correlative information similar to Fig. 1 will 
reduce the mathematical calculations necessary to a minimum. 

If the trial method of proportioning is used and you find that in order 
to obtain the desired workability more water is required than specified, the 
additional water should be added together with a proportionate number of 
pounds of cement based on the proportion of the number of gallons of 
water specified to a sack of cement (94 Ib.). 

If on the other hand the trial method of proportioning disclosed that 
the water-cement ratio was lower than specified, aggregates both fine and 
coarse should be added according to judgment, taking into account the 
moisture they contain, until the desired workability is obtained without 
exceeding the specified water-cement ratio. 
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Having obtained the desired workability, it will be necessary to con- 
vert the proportions for subsequent batches to a unit of cement to avoid 
the use of parts of a sack of cement. For example suppose that a satis- 
factory trial batch contained 338.4 lb. of cement (3.6 cu. ft.)—8 cu. ft. of 
loose fine aggregate and 13 cu. ft. of loose coarse aggregate. Dividing these 
quantities of aggregates by 3.6 we obtain a proportion of 1 sack of cement 

2.22 eu. ft. of loose fine aggregate —3.61 cu. ft. of loose coarse aggre 
vate. The conversion of the proportion of loose sand to its saturated 
volume can readily be determined. 

In conclusion I would draw your attention to the necessity of care in 
making your determinations and to standardize your methods so as to 
exclude the personal error as much as possible. 

This applies to both aggregates and more particularly to the method of 
placing the sample of loose fine aggregate in the receptacle so as to 
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approach as nearly as practical the same compactness as it will be meas- 
ured in whatever volumetric batching device you may be using to charge 
the concrete mixer. As an illustration we have found that by dropping the 
loose sand from a scoop at a fixed vertical height into the cylindrical 
receptacle, we approached the same compactness as that of the sand in the 
hatcher. The fixed vertical height referred to was the mean of the vertical 
fall from the bottom of the bins to the bottom of the batcher. 

lf wheelbarrows are used or volumetric measurements are made other 
than with batchers, the placing of the cylindrical receptacle in the wheel- 
harrow or other measuring device and the filling of the receptacle by the 
same method as is generally employed by shoveling or otherwise will obtain 
excellent results. 

| know that sounds rather complicated, but the actual physical work- 
ings are very simple. I will attempt to show you what I mean by using 
two glasses. Assume that these two glasses had a volume of % cu. ft.; 
you would fill this glass one-third full of water, fill this container with a 
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loose sand and you would weigh that. That is the weight of the least 
sand with the receptacle full. Pour that sand into that water; that 
sand will not be to the top, it will be lower, and if that is 10 in. high, 
it is a very simple proposition to stick a rule in and find the volume. 
That net volume in there is constant and you can make a chart. All one 
has to be able to do is to read and then pick the weight off and make the 
determination in two minutes. Taking this weight and deducting the 
weight of the dry sample gives the moisture in the sand. 

I would like to say that I think that Mr. MeMillan’s idea of judging 
three grades of sand hardly practicable. We have found that the varia- 
tion of the moisture in sand is very marked; it has run from 1 to 10 Ib. 
in a cubic foot of sand. 

F. R. McM1tian.—I do not wish to argue the matter, but we had our 
job about half done in the time it has taken Mr. Watson to read his paper. 
The proceeding is really very simple. With half a gallon per sack margin 
between this and the more exact water-ratio curve, great refinement is not 
called for. On this little job, we put a pail of water and half a sack of 
cement into the mixer, then shoveled in sand and crushed limestone, until 
the desired consistency was obtained. The number of shovelfuls of each 
was counted. These amounts were used in subsequent batches until some 
change was desired. It was not only very simple, but very satisfactory. 

R. B. Youne.—For several years engineers of the Hydro-Electric Power 
Commission have been doing just about what Mr. MeMillan has proposed 
here, and it works all right on the job. If a man is so dumb that he 
cannot understand that, he should not be in charge of the job and if he is 
so stubborn that he won’t follow them, he also should not be in charge 
of the job, and the remedy is obvious. We have had no trouble in applying 
a scheme similar to this to small jobs of 400 yd. or so. We do not do it 
exactly this way, but we do it in a way that is fundamentally the same. 

J. C. Grapy.—If on a small job aggregate of good quality and proper 
size is selected and the job organization is careful to mix the concrete as 
dry as practicable, the results will be a great improvement over what is 
now obtained on many jobs where sloppy concrete is allowed. A further 
advancement is to adopt on the small job the water-cement ratio method 
explained elsewhere in this volume. 

6. In earth-filled highway arches, what is the most suitable water 
proofing practice? 

A. Burton CoHEN.—You will recall yesterday in my paper that I 
emphasized the fact that correlating the waterproofing problem were the 
problems in design. 1 emphasized the importance of considering water- 
proofing before design was completed. I emphasized also the proper ter- 
mination of the waterproofing, otherwise the money is poorly spent and 
protection is not properly made. I have here a cross-section of the parapet 
wall of the Corning Bridge which was shown yesterday. I may explain the 
method of construction, the method of waterproofing, etc. The arched ring 
is 42 ft. wide and in its construction we brought it up a distance of about 
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a foot above the main portion, in order to increase the strength of the 
ring, give it the proper strength to support this sidewalk construction 
which has this cantilever design. That also is a very good construction 
from the standpoint of drainage, because if anything should happen to the 
waterproofing at this point, you have a little dike that will carry the 
water down and it will not percolate through that construction job. That 
was the first operation. 

The next operation was to carry the parapet wall up and leave a 
recess in it for the cantilever construction. This is a counterfort con- 
struction and the reinforcing bars were carried up and were used for the 
reinforcing in the cantilever. After that work was completed, that second 
operation of concrete, the waterproofing was applied which consisted of 
two two-ply saturated cloth, three applications of asphalt. The water- 
proofing was carried up to the top of this construction, flashed around the 
counterfort. The next operation then was to build the sidewalk overhang 
with the beam, the curve acting as a flashing to hold the waterproofing in 
place. It also increased the rigidity of the cantilever construction, because 
the curve is monolithic with the cantilever beam. Where we placed the 
expansion joint, we divided the counterfort into two parts and had separate 
designs, beam designs, for each one. The waterproofing was splashed. In 
the second stage of the arch construction recesses were left in the parapet 
wall and the reinforcing rod projected out to take the cantilever beam. 
This waterproofing is brought up to the top of the wall and flashed at 
its top. 

We have protected the waterproofing in the barrel of the arch 1% in. 
of concrete. On the sidewall we plastered with about a 4-in. thickness of 
cement mortar, first spraying it with a broom, in order to get a little body 
and then building up in three courses the plaster until we reached about 
% in. covering. That is just to protect the waterproofing from the air, 
give it a greater life, and, as the fill is applied to the back of the arch 
as it is deposited in the back of the arch, not to injure the waterproofing, 
that is the biggest function of that protection. 

7. What methods should be used for economical but thorough placing 
of concrete in deep beams having a large number of closely spaced rein- 
forcing bars? 

T. P. Watson (By Letler).—The first requirement for placing con- 
crete in heavily reinforced members is that the uniformity and workability 
of the concrete is such as to permit the puddling of each batch to insure 
a homogeneous mass. 

Uniformity is maintained by the constant use of identical proportions 
of cement, properly graded aggregates and water. 

Workability is that’ property of concrete so essential to the manu- 
facture of a durable product and the property which is practically impos- 
sible to cover in a lucid definition. As workability applies to reinforced 
concrete, it may be partially defined as the proper plastic flow perceptible 
to the experienced concrete craftsman. 
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Economical workability is obtained by the use of proportions of fine 
and coarse aggregates of such percentages so that when combined dry and 
rodded they make a unit of maximum density. These proportions can be 
determined by the Abrams theory of “fineness modulus.” 

Maximum workability can only be obtained by study and experimenta 
tion with the available aggregates or in other words maximum workability 
is obtained by having a sufficient quantity of mortar to prevent segrega 
tion and at the same time permit a plastic flow. 

The economical and thorough placing of concrete in reinforced mem 
bers requires special arrangements although in principle they should be 
the same for placing concrete either plain or reinforced. 

The proper placing of concrete requires that the batch be delivered to 
the form by some method that will permit its placement as near as prac 
tical to its final position. 

This can be accomplished by short chutes attached to movable hoppers 
or other practical means. 

The placing of concrete should be preceded by the placing of a batch 
of mortar with the same water-cement ratio as is used in the concrete 
This mortar should be distributed from one end of the form toward the 
opposite end and in no case should it be above the level of the bottom lines 
of the bottom row of bars. 

After having placed the batch of mortar concreting should be com 
menced by starting at the same end of the form at which the batch of 
mortar was placed. The concrete should be deposited to such a depth, 
usually 12 to 15 inches, that the act of puddling the concrete will push 
the mortar originally deposited ahead of the concrete. 

This procedure should be continued until the approximate middle fifth 
of the length of the member is reached at which time the same procedure 
should be started at the end of the member opposite the end where the 
concreting operation was commenced. 

By continuing the placing as outlined the two concretings will meet 
and at that time there will be a level layer of concrete throughout the 
lower section of the form. 

Subsequent layers should be placed in the same way, alternating the 
commencing of the layers from each end of the form, but omitting the 
batches of mortar. 

This method permits the widest possible diffusion of laitance or ex- 
cessive mixing water if any and insures bearings and ends of the best 
quality concrete which are especially desirable in structures exposed to out- 
side climatic conditions. 

Methods of puddling concrete will be governed by local conditions and 
size of the members. As general practice a sufficient number of men, 
equipped with long handled wooden paddles and hoes with perforated 
blades, should be employed to insure puddling that will produce a homo 
geneous mass throughout. 
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The danger sign of concreting is the formation of laitance or puddles 
of water in the form. 

When either appear it is notice that the concrete is being drowned 
and immediate steps should be taken to correct this condition. 

Usually this can be accomplished by placing a few batches with a 
little less water but be sure that they are not too dry. If too dry they 
will do more harm than if they were too wet. 

With certain types of aggregates, especially the use of a coarse graded 
sand, the elimination of laitance and puddles of water in the forms is 
rather difficult. 

In such cases the remedy will be to increase the quantity of sand and 
cement and decrease the coarse aggregate proportion, but as a general prin- 
ciple economical aggregate proportions should be predetermined which will 
avoid lack of workability usually known as harsh concrete and there is 
no defensible reason why harsh mixtures should be tolerated in reinforced- 
concrete work. 

J. C. Grapy.—The best and most economical method which I have 
found by experience to be very effective, is to omit all or part of the coarse 
aggregate from the first batch placed. In a beam as described in the 
question, | would omit all of the coarse aggregate in the first batch and 
dump this mortar in the beam between the support and the one-third point 
and follow immediately on top of same with the regular proportioned 
concrete, spading and jarring the reinforcement with a blade tamper. The 
mortar which has been placed in the beam will furnish a bed for the 
concrete to drop into and will be displaced by the concrete and slide along 
sluggishly, filling in thoroughly between and around the reinforcement. 
The amount of mortar necessary to properly start the work as described is 
entirely dependent on size of beam, amount of reinforcement, ete., and can 
only be determined by experience and judgment. Size of aggregate and 
consistency of the mix must be suitable for the work on hand. 

9. How shall we make plaster bond to relatively smooth concrete 
surfaces? 

L. C. Wason.—-This company has also had quite a bit of experience 
of this kind. In the application of hard plaster to smooth concrete sur- 
faces and in co-operation with the master plasterer where in some cases 
the work has scaled off we have come to the conviction that this is due to 
the skill in tempering the mortar on the stage by the actual mechanic who 
is placing it on the ceiling or wall of smooth concrete. This we proved in 
one important instance by the fact that three plasterers were working on 
the same stage and we could trace out the work of one plasterer which 
failed and the other two were perfect long after the building was finished, 
and by watching their method and by talking with the men we discovered 
that the man whose work failed did not temper his work right and after 
he was instructed by his employer to temper his mortar to get the right 
results he gave good results thereafter. It is our opinion, therefore, that 
this problem is entirely in the hands of the master plasterer. 
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G. F. FLloyp.—We have applied gypsum plaster to comparatively 
smooth concrete surfaces of buildings as ceilings, walls and columns. 
There was no other treatment of these surfaces than the careful applica- 
tion of the gypsum bond plaster to them. Dressed lumber was used in the 
forms for the concrete. After the forms had been removed the concrete 
surfaces received no further treatment. A manufactured gypsum bond 
plaster was carefully applied before the brown mortar and white plaster 
was applied. 

The buildings where the above method was used have been standing for 
four or five years, and we have had no complaints that the plaster had 
loosened up in any way. 

There was a committee of New York City plasterers appointed by the 
school board to investigate the trouble that had been experienced on 
account of the white plaster falling off some of the city schools. This 
committee was asked to investigate the cause of the trouble and make 
recommendations to overcome it. After a careful investigation the com- 
mittee recommended that metal lath be placed on all concrete surfaces 
before plaster was applied. 

A member of our Company, the Turner Construction Co., had occasion 
to talk to the chairman of the committee sometime after the recommenda- 
tion had been made. The chairman stated that in every case where the 
gypsum plaster had loosened from the concrete they found that the trouble 
was due to one of two causes. In some cases the bond plaster had been 
carelessly applied and often omitted entirely, and in others had been applied 
too far in advance of the brown mortar. Where too long a time had been 
allowed to elapse between the placing of the bond plaster and the brown 
mortar the bond plaster had thoroughly dried out and the surface became 
glazed. In this case the brown mortar did not adhere to the bond coat but 
fell off leaving only the bond plaster on the concrete. 

The chairman staied that they had recommended the placing of wire 
lath on concrete surfaces before applying gypsum plaster because they felt 
that the committee should be very conservative in recommending a method 
to be used in school work where the plastering contracts were let under 
close competitive bidding. He felt, however, that no trouble would be 
experienced if gypsum plaster was applied to comparatively smooth con- 
crete surfaces provided a gypsum bond plaster was first carefully used and 
the brown mortar placed as soon as the bond had sufficiently dried. 

C. B. Foster—I applied about 1000 yds. of plaster to concrete and 
observed it during a period of five years, In that time there were three dif- 
ferent places where some of the plaster came loose. I used a bond coat and 
found that the only reason it came loose was on account of smoke from 
the salamander or something on the ceiling that had not been removed. 
Some five or six years ago I tried it again from plaster direct to a 
factory building where there was considerable vibration, and less than a 
week ago I had occasion to visit that building and there is not the slightest 
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crack in the ceiling. My experience has been very successful in applying 
plaster to concrete surfaces. 

M. M. Uprson.—What is your bond coat? 

Mr. Foster.—I used what the gypsum plaster people put out as a 
bond coat; I do not know of what it consists. 

M. M. Bernier.—A bond coat is a neat gypsum without any sand. 
The gypsum is applied as thin as possible so as to not have too much 
strain on the ceiling. Then that is followed by the bond coat with neat 
gypsum. We depend on the suction of the concrete with the smooth white 
coat, which should be done in an hour or two. 

Virei. L. JouNson.—I have taken a view of this subject from the 
standpoint of the architect and engineer, because he first wants to be sure 
that the work is going to stand. In Philadelphia we build schoolhouses 
of the skeleton concrete or factory type. We do not use flat slabs owing 
to the shape of the room, but we do fill the panel with a joist and slab 
construction and underneath that joist construction place wire lath which 
is plastered. As the columns are spaced about 15 ft. 2 in. on centers, you 
will see that there is in an average classroom two large girders which 
oceur across the classroom overhead. That construction is exposed; that 
is the girders are not plastered; we never have any trouble with the 
plaster on the wire lath ceilings. There is however a possibility of some 
trouble with the soffit of the large girder, which is 16 in. wide. 

10. What experiences have indicated that cracks developing in con- 
crete can be healed? 

This is a highly important subject to discuss, in fact to those archi- 
tects and engineers who have had and are having experience with “falling 
plaster” or cracked ceilings (and there are many) it becomes a vital 
question. To the responsible contractor, to the owner and to the manufac- 
turer of portland cement products, it is an all important question because 
a satisfactory ceiling without cracks must be obtained at any cost. As an 
example, suppose we consider a public building or a public school, and 
concrete constructed school houses are now being built all over our country 
in every town or city. 

In this particular school which we take as an example, it is two or 
three or more stories in height. Of course it is fireproof and panic proof. 
Exits and fire towers are so arranged that the children in the building can 
be marched out within ten minutes in perfect order and with no fatality. 

But with all this care, the building is not accident proof because there 
is no telling when or at what time a section of the plaster work may 
separate itself from the concrete beam or girder over a crowded classroom 
and fall upon some child. 

A school building or any publie building built of concrete may be 
completed as prescribed by the contract and built according to carefully 
written specification, the contractor may be paid in full and time may 
pass for six or eight years and still the plaster is good but perhaps by 
the ninth year a section of plaster in a particular beam over a particular 
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classroom separates from the concrete and falls with fatal results. It 
is found upon examination that this particular beam had a “wind” in its 
side or a “belly” in the soffit and the plasterer, wishing to make the work 
good “trued up” his plastering so that in some places it is an inch or 
more in thickness. The piece that has fallen off is 1% in thickness, 20 in. 
in length and 8 or 9 in. wide, weighing 12 to 15 Ib. 

We can draw our own conclusions as to the importance of this ques 
tion of bond. No damage money which a board of education or a city 
provides, can ever compensate for a fatality of this kind. 

In the city of Philadelphia last year, 240 children were killed by 
accidents of various kinds. In the most cases, they were in the street and 
often the child’s fault. To the public in general, it was often passed on by 
a short paragraph, in each case, each case in its turn was read with a 
comment that it was too bad, etc. But let one of those 240 cases occur 
by a falling piece of plaster or concrete in a school and we would have had 
great head lines in the newspapers calling attention to “Dishonest Con 
tractor, Faulty Construction” or “Careless Inspection” and the board of 
education would have been censured severely. 

Now, as to a remedy or rather a preventive against the occurrence of 
these accidents, let us look into the subjects of an adequate bond between 
plaster and concrete. 

This question may at this point present itself: Why do we use plaster 
on a concrete surface? There are two very good answers to this: 

First—We wish an even surface for decoration and for the elimination 
of “dust catching” places which the usual concrete surface presents, 

Second—We must have a plastered surface to assist the acoustics of 
a room—that is very necessary in the classroom or auditorium. 

The use of a “treated” surface or a “hacked” surface on concrete is 
not always suiflicient because lime mortar does not adhere to a concrete 
surface with the same tenacity that it will to brick or hollow tile. 

If the plaster is 4% in. or more in thickness, it has a tendency by its 
own weight to drop off and the thicker the plaster, the more dangerous 
it becomes. 

The only satisfactory bond that can be used with any assurance of 
safety is something on the order of mechanical bond, a wire lath or ex 
panded metal. This wire lath or expanded metal should be carefully 
secured to the beam or girder and preferably the plaster should be two 
coat work, first a brown coat and then the white finished coat. 

A very satisfactory and inexpensive bond can be secured through the 
use of what is commercially know as chicken wire. The chicken wire is 
galvanized, of small gage, can easily be stretched over the concrete girder 
and is secured to it by wire or clips that have been previously embedded 
in the concrete. 

The use of chicken wire permits of a very thin coating of plaster 
about 14 in. thick, will stand as long as the concrete will stand. There 
seems to be no other way to bond plastered concrete successfully than by 
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the use of the.mechanical bond such as has been described. The securing 
of the wire mesh to the girder may present some difficulty and I offer as 
a suggestion the use of a certain lath grip, an invention that has recently 
come to my attention. 

J. E. FreeEMAN.—The question of sufficient bond is not only influenced 
by methods of application of plaster to concrete and by preparation of the 
concrete surfaces beforehand, but time is an important factor in the 
problem. 

Some of the influences which develop subsequent detachment of plaster 
applied directly to concrete surfaces are slow acting. Plaster may be sound 
and hard yet its bond with the surface gradually affected so that detach- 
ment occurs suddenly after a period of several years when the adhesion 
to the surface is no longer sufficient to support the weight of the plaster. 
It has been said by experts on plaster, that a critical time for plaster on 
concrete is during a period of 5 to 10 years after the plaster has been 
applied, and there are examples with which the writer is familiar where 
detachment of plaster applied directly to concrete has occurred after 
periods up to 20 years. The plasterer may well feel relieved when the 
period of one year or 18 months’ guarantee, which the arichtect requests 
of him, is passed without trouble developing, but this is no criterion that 
a slow action is not taking place which will cause detachment later on. 

Hacking the surface of the concrete to roughen it relates to only one 
angle of the problem—that of obtaining some sort of mechanical key for 
the plaster. It does not overcome the influence of irregular and excessive 
suction, expansion and contraction or chemical action, any one of which, 
as experience has shown, can weaken the bond and develop detachment of 
plaster applied directly to the concrete. These influences can only be com- 
batted effectively by sealing off the surface of the concrete from actual 
contact with the plaster, which also protects the plaster and surface dec- 
orations from stain or greater injury by moisture or efflorescence from the 
structural body. 

A method that accomplishes this result successfully and is being ex- 
tensively used is described in a publication of the Gypsum Industries 
Association, dealing, among other things, with specifications for plastering 
on concrete surfaces (See Gypsum Plasters, general instructions and speci- 
fications——-Gypsum Industries Association, Chicago, 1925). On page 18, in 
connection with the treatment or conditioning of concrete surfaces prior to 
plastering, under the heading ‘Waterproofing Materials” appears the fol- 
lowing statements: 

“A commonly used process applied over concrete surfaces, prior to 
plastering, consists of driving into and over the concrete surface, by force, 
u series of layers of asphalt cement into which, while still plastic, there is 
afterward driven, also by force, a course rough grit. This process, which 
also waterproofs the structural surface, provides uniform suction and a 
positive mechanical key or clinch for the plaster. 


“The process referred to will provide all that is necessary for the 
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permanent adhesion of plaster to concrete surfaces, and is of special value 
since it permits of the application of the plaster when the concrete sur- 
face would ordinarily be regarded as too wet or too dry. Gypsum plaster, 
because of its insulating and quick setting properties, is the most economi- 
cal and efficient material to use in connection with this process.” 

A particularly severe test of the effectiveness of the process, devel 
oped through its use on the D. L. & W. R. R. station at South Orange, 
New Jersey, is referred to in discussions of reports of Committee C-3 in 
the Proceedings of this Institute for 1922 and 1923, 

In the application of plaster to concrete surfaces, there should be 
developed a factor of safety, just as there is in the design of the structural 
details of a building, and methods should be adopted for preparing the 
surface and for applying plaster thereto that will develop and insure a 
factor of safety against plaster detachment. 

10. What experiences have indicated that cracks developing in con 
crete can be healed? 

Durr A. ApraMs.—This question of the healing of concrete is not 
altogether new; it has a good many interesting phases. There may be 
some angles to it that we have not as yet explored. I have observed, how 
ever, in a number of cases that concrete which has been ruptured at an 
early period will, if left exposed to the elements, gradually heal up and 
become even stronger than it was originally. ‘The most striking evidence 
of that kind was some tests we made at the Lewis Institute a few months 
ago. Eight years previously we had tested a good many concrete cylinders 
to failure at the end of 28 days. These cylinders were placed in the yard, 
and some years later we decided to put them in the machine again and 
re-load them, and they not only took as much load as they had originally 
taken, but we got values all the way from 167 to 379 per cent of the 
original 28-day strength of this concrete. You might inquire what hap 
pened. I think what happened is this. Those small fissures in the con- 
crete which were opened up at the time of the original test are actually 
healed up, welded together, by the subsequent depositing of the soluble 
materials from the cement and aggregate. It is actually a healing process 
and the wounds have grown up, the concrete proceeds to gain in strength 
much as it would if it had not been subjected to its original load. 

That, I say, is probably the most striking and interesting example 
that has come to my attention from a purely laboratory standpoint. How 
ever, a few years ago, earlier still, | had occasion to make a test on a 
reinforced-concrete highway bridge in southern [llinois built by the state 
highway department for testing purposes. Before my own connection with 
the job it had been loaded when the bridge was about three or four months 
old and some very decided cracks had occurred in the end of the girders, 
not one crack but both ends of both girders were cracked on both sides, 
and in many instances showed a number of cracks, the characteristic diago 
nal cracks you see in girders of that kind that are overloaded. My first 
impression was that this bridge was in a rather hazardous condition. We 
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spent a good deal of time putting props under it in case it failed. We 
actually put nine to thirteen times the original load on that bridge and 
some of those cracks never did open, but new cracks opened alongside of 
them, showing that the original cracks had entirely grown up and were 
as strong or stronger than the original concrete. Those two illustrations, 
I think, bear evidence of the fact that this healing feature is a real factor 
and may be of interest in other connections. 

J. J. Eartey.—In the spring of 1914 the Bureau of Standards at 
Washington appointed an advisory committee and began an earnest investi- 
gation of Stucco. I had the good fortune to be appointed to this Com- 
mittee and became very interested and active in the work, I began to 
observe more closely and with better understanding the characteristics of 
stucco. My attention seemed to fix itself particularly on cracks and I 
never lost an opportunity to study them. 

This led to the discovery that the cracks in stucco sometimes heal, 
and further investigation disclosed that the cracks in concrete pavements 
and in concrete structures sometimes heal. In healing the crack gradually 
fills with a cementing material (carbonate of lime) which completely 
closes it and finally raises a small ridge not unlike the ridge raised by 
sear-tissue. In fact one receives a very definite impression that the crack 
has healed. 

In 1917 in connection with the construction of an entrance on the 
west side of Meridian Hill Park in Washington we made a very long 
balustrade, each panel of which consisted in a foot rail, a row of balusters 
and a hand rail. The work was described in the Institute’s Proceedings 
for 1918 but it may not be amiss to recall that the surface of the concrete 
was treated before it was thoroughly set by brushing it with steel wire 
brushes until the aggregate was exposed uniformly over the surface. It 
was necessary to apply this treatment to all four sides of the hand rail 
because the bottom of it could be seen between the balusters. Therefore, 
it was necessary to turn the rail over once before the cement had hardened 
enough to resist the action of the wire brush. 

Several of these rails were broken in the turning and were discarded 
before my memory of what I had seen cracks in stucco do suggested that 
the breaks might be healed. 

Purely as an experiment a broken rail was bedded down straight and 
true in sand. The fracture was covered with sand and then with burlap. 
Twice a day this bandage was saturated with boiling water until the frac- 
ture was seen to be thoroughly knit together and almost invisible. The 
section of this rail was 7 by 14 in. The cast was then allowed to dry 
and, although it was 14 ft. long, it was handled and set in the usual way. 
It has remained sound until now. 

After this experiment established the fact that broken concrete will 
heal, | have, whenever the occasion has arisen, deliberately used the process 
with uniform success. However, | have always applied the process to new 
concrete; that is, to concrete from which the original mixing water has 


Mr. Earley. 








Mr. Hollister. 
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not evaporated. Consequently, I do not know to what degree control may 
be exercised over the healing of old concrete which has thoroughly dried. 
But I feel sure, after certain observations in the field, that the power to 
heal remains in old concrete. 

I do nét know how long a period of time is necessary for the healing 
process. In the studio the cast is usually wetted once or twice a day 
until the crack is filled, then it is allowed to dry. I assume that the 
amount of cement in the concrete, the temperature, and the circumstances 
in which the cement is acted on first by the water and then by the air 
have a great deal to do with the process of healing and the time required 
for it. I assume that the action of water and air in healing concrete is 
similar to the action of the same elements in forming stalactities. 

I cannot recommend a general application of this principle because I 
cannot indicate a technique for its application. All that I can do, there- 
fore, is to record in the Proceedings of the Institute that certain breaks in 
concrete have healed, and that with concrete of such uniformity as that 
used in my studio the healing is under some degree of control. And, 
furthermore, that the technique will probably be built upon an operation 
which will consist of alternately flushing and draining the fissure in a 
suitable temperature. 

S. C. Hottister.—This* shows a six span structure consisting of 
arches of 80 ft. and span rise of about 14 ft. The arch on the right had 
been concreted from the right and to about a third of the span lifted. 
There was no concrete in place over the center pier. It was desired then 
to concrete the portion over the center pier. The centering of the left 
arch was in place to the extent shown in this picture at the time the inci- 
dent I shall describe occurred. The centering and steel were all in place 
on the right arch. Concreting was carried on simultaneously on the third 
end portion of the left span and the third end portion of the right span 
over the center pier. The concreting was done in the summer and, as 
sometimes happens, the cement set a little more rapidly than normal. 

The centering went down about an inch. Because the concrete had set 
a little faster than was usual under the temperature conditions and 
because of certain interruptions in the proper progress in the concreting 
operation, the concrete immediately over the pier which was 4 ft. deep in 
that particular place, was cracked all the way through to the full width 
of the bridge immediately over the face of the pier. That crack was on 
the righ hand side of the center pier. The crack opened about 1% in. on 
the top face. I was not present at the time the crack occurred, but I was 
called by telephone and asked what should be done. 

I profited very much by a previous discussion with Professor Abrams 
and Mr. Earley and their experience in the healing of concrete. Here was 
a structure in concrete at a very early age, and it looked as though the 
opportunity to try the healing was better on this occasion than it would 
be at almost any other time. The crack formed was not a fresh fracture, 
such as would be found in the test of a structural member in the labora- 


—— — 


*View not printed here. 














Question Box. 639 


tory, but it was rather a quake. It had occurred just at the time when 
the conerete was beginning to harden. 

The width of the barrel is 26 ft. The thickness directly over the edge 
of the pier is 4 ft., the span is 80 ft., and the rise 14 ft. We immediately 
put on sand to the depth of about a foot; we put dikes at both ends of the 
pier; we stuffed up the drains in the low portion where the two barrels 
come together, so that they could not release any moisture. We covered 
the pile of sand over with bagging and the bagging and the sand were 
kept continually wet for four days: 

Part of the time the water was retained actually in excess by means 
of the dikes. Bagging was hung over the side edge of the barrel to pro- 
tect the drying out of the crack where it occurred down the side of the 
barrel. Since the crack had opened up so much it was not possible for one 
cement surface to jump over to the other cement surface, and since the 
crack was not incipient, as has been described in the other cases of healing, 
it was necessary to introduce something to serve as a filler, and this sand 
with the excess water carrying it down slowly as far as it would go, served 
that purpose. 

Examination four days later showed that only about one-third of the 
crack was visible. A week following that, examination disclosed that the 


entire crack had disappeared. It is not now possible to detect the position 
of that crack. 


From that time since the concreting operation then proceeded ag be- 
fore, as though nothing had happened. The centering was struck from the 
arch 28 days from the time the crack was discovered. It is an earth- 
filled arch. 
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Rerort OF COMMITTEE [-6, ON DESTRUCTIVE AGENTS AND 
PROTECTIVE TREATMENTS. 


During the current year, the committee has continued its studies of 
deterioration of concrete. It has had for its consideration a number of 
reports by members of the committee and others. So far as the material 
has been released for publication, it is included in this report. 

The most interesting case of concrete disintegration which has been 
brought to the attention of the committee during the year is an example 











FIG. 1.—ARCH RIB AND WALL SHOWING SURFACE DISINTEGRATION. 


This picture shows a portion of an arch rib over a spillway section and a 
connecting wall after 14 years of service. In Fig. 2 is shown the depth to which 
similar disintegration in another arch of this same structure had proceeded dur- 
ing a period of 8 years. The indications all point to over-wet mixes as the 
principal cause of the porous concrete resulting in the disintegration. 


interesting both in itself and because of the light that it throws on some 
of the questions discussed in the report of the committee presented to the 
Institute at the 1925 convention. 

Fig. 1 shows a portion of an arch over a spillway dam and a portion 
of the forebay wall connecting with it. The structure is located in one of 
the Central Western states and has been exposed to about the same climatic 
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conditions as are found in Omaha, Nebraska. It was built of limestone 
concrete about 14 years before this picture was taken. The surface mark- 
ings indicating disintegration, which are prominently seen on the forebay 
wall, are characteristic of the face of the arch ribs. This is not so clearly 
shown in the figure owing to the fact that the portions of the rib nearest 
the camera are not in focus. 








FIG. 2,.-SECTION OF ARCH RIB AT CROWN SHOWING DEPTH OF DETERIORATION. 


This section, which was cut after the structure had been in service 8 years, 
was made to determine how far deterioration had progressed. A block 4 ft. long, 
2 ft. wide, and 3 ft. thick was removed from the upstream side by drilling. White 
dotted line indicates the approximate limit of the softened concrete. Inside this 
line concrete is solid and unaffected in any way. At top edge solid concrete was 
found 7 in. from face. First drill hole, which was about 10 in. back from face, 
broke through when 9 in. from under surface of arch. Drill holes next to traveler 
rail (visible in the picture) broke through when 3 in. from under surface of 
arch. Concrete back of traveler rail unaffected except for the skin coating. 


The records show that the concrete was placed rather wet throughout 
this structure. This is established both by photographs of the construction 
operations and by the statements of individuals who were present during 
the construction. 

Vig. 2 shows a section cut from one of the spillway arches when the 
structure was about eight years old. The section was cut for the purpose 
of finding to what depth the disintegration had progressed, for at that time 
the arches showed the same evidence of disintegration as is shown in Fig. 1 
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except that the cracking and markings had not progressed to quite the 
same degree. 

The figure shows the extent of disintegration very clearly. The con- 
crete beyond the line marking the limit of disintegrated material was found 
to be perfectly solid and unaffected. 

The information conveyed by the photograph of Fig. 2 shows rather 
conclusively that the disintegration is the result of weathering from the 
surface in the manner pointed out in the 1925 report of this committee. 
The primary cause of the disintegration is the porous concrete. In this 
case, the evidence indicates, porosity was largely the result of using very 
wet mixtures. There is no evidence from the study of this or other portions 
of the structure that disintegration of the aggregate itself had any im- 
portant part in the deterioration of the concrete. 

Another group of structures has been brought to the attention of the 
committee by an engineer who has had an opportunity during the past year 
to visit and visually examine a number of large. concrete works located 
in a region where the climatic conditions are rather severe as regards long 
winters and low temperatures. He states that, on the whole, more fairly 
good concrete than bad is encountered, but that real high-grade concrete is 
quite rare and structures without some defects are very rare. As a general 
comment on the group of structures, he points out that in a majority of 
cases in which the concrete is bad, it has been due to aggregates of in- 
ferior quality as to grading having been used in proportions definitely fixed 
in the contract before the quality of aggregates to be used was known. It 
was his opinion that it would have been possible to have made good con- 
crete with many of these aggregates by the use of richer mixes. In most 
cases, the structures were built from concrete using a pit-run aggregate 
without varying the cement-ratio, regardless of the ratio of sand and gravel 
which varied from % to 14% during the work on a single structure. Aggre- 
yates containing silt and organic matter were used in some instances, also 
the concrete was mixed with an excess of water. Three specific cases are 
cited : 

(1) A large dam about 15 years in service has shown marked disin- 
tegration of the spillway. This is being repaired by a coating of gunite. 
In this case the statement was made by the chief engineer of the company 
responsible for the construction of the dam, that the chief causes for the 
disintegration were too lean a mixture and excess of water. Pit-run sand 
and crushed stone of an igneous formation had been used, 

Another defect of this dam is at the joints in the piers which were 
apparently made with insufficient care. Water follows these joints from 
the back to the front where spalling takes place and efflorescence is de- 
posited. Otherwise these piers are in good condition. 

(2) A very heavy wall subjected only to the percolation of ground 
water and surface rains has shown signs of disintegration after about eight 
years in service. In this case, the distintegration is due to too lean a 
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mixture, excess of water and a poor quality of crushed stone which breaks 
down when exposed to the atmosphere. 

(3) The wharf, about one year in service under the water; the con- 
crete is now eroded to a depth of 1 to 2 ft. back from the face of the 
wall and that repairs are immediately necessary to save the superstructure. 
The fine aggregate used in this wall was a fine sand graded from 0 to 
No. 8 showing a slight color in the sodium hydroxide test and having a 
strength of 1: 3 mortar about 85 per cent of that shown by standard sand. 
The coarse aggregate was crushed limestone of good quality and graded 
from 1 to 2 in. The proportions were about 1: 2:4. Concrete was de- 
posited under water with the tremie and was mixed with an excess of 
water. The forms were not watertight. There was considerable movement 
of the water on the inside of the forms caused by wave action. 

This engineer sums up the experiences of his organization with the 
statement that they have “come to the conclusion that the best and cheapest 
way for exposed concrete in rivers and lakes is to make an impervious con- 
crete of about 3,000 Ib. per sq. in. strength, taking care that the construc- 
tion joints are made watertight.” 

In conclusion, the committee desires to restate its findings from the 
more extensive investigation forming the basis of its 1925 report.* 





“The committee believes that the observed defects were due to porous 
concrete resulting largely from faulty manipulation of the materials. 
Permanent structures can be achieved by the use of clean aggregates of 
durable minerals, a mixture of a fair degree of richness, the use of a 
puddling consistency and care in placing and curing.” 














In reporting these findings, the committee desires to point out that 
they are not intended to cover every possible type of disintegration such as 
for example, that due to sulphate water. They do apply, however, to a very 
large percentage of so-called disintegrated concrete. It is also a fair deduc- 
tion to say that if the principles stated are applied, the resulting structures 
will be much more resistant to destructive agencies of every kind than 
where these simple fundamental rules are ignored. 





M. M. Upson, Chairman 
F. R. McMrtxan, Secretary. 





*See 1925 Proceedings, American Concrete Institute, pp. 266-280. 


Appendiz to 1926 report of Committee E-6. 
SAND FOR SEA WATER CONCRETE. 
By MAxweELt M. UPson. 


In 1920 a pier was built on the North Atlantic Coast, which was sup- 
ported by concrete caissons. These caissons were approximately four feet 
in diameter and varied in length from 40 to 60 ft. They penetrated 30 ft. 
of water at high tide, and from 10 to 30 ft. of soft bay bottom to hard pan. 

These piers were placed by driving a circular steel sheet piling coffer- 
dam, and dredging by means of an orange peel. The footings were tremied, 
and the columns were poured in the dry by the use of an interior steel form. 
This method permitted the concrete to set in the dry unaffected by the 
action of the tide or salt water. During the time of setting, exhaust steam 
was turned into the annular space between the outside sheeting and the 
form, for the purpose of hastening the setting of the concrete so that the 
time of pumping might be reduced. 

Because of the wide range of tide the beams connecting the piers are 
submerged 6 to 8 in. at extreme high tide. During construction the beam 
concrete was poured and kept in the dry because the maximum tides were 
not then prevalent. 

Within a year of the time of completion of the pier evidences of dis- 
integration were observed. At the end of two years disintegration had 
progressed to a degree that made it necessary to take steps to repair in 
order to save the structure. Some of the piers showed no deterioration 
whatever, while others were affected through their entire cross-section. All 
disintegration occurred between low and high tides. 

This work was done by reputable and experienced contractors and engi- 
neers. They have for years carried on concrete work exposed to salt water 
action. In fact, they have work in this same harbor that shows no evidence 
of failure although it has been exposed to the action of salt water tide for 
more than seven years. 

Because of the deep interest in this problem a very careful investiga- 
tion was made of the materials and methods. It was first thought that the 
destruction was the result of certain chemicals contained in the water, due 
to the proximity of an oil refinery. Careful sampling and testing of water, 
however, indicated that the percentage of impurities was not sufficient to 
warrant the rapid and unusual disintegration. 

For the reason that the work was done at a time of great material 
shortage, the cement was necessarily supplied by the owner; therefore its 
quality was not checked, although it showed every evidence of being satis- 
factory and was of a well known and reputable brand. 

The gravel and the sand came from a local bank. The gravel in itself 
is good quality, but the sand is fine and shows evidence of some vegetable 
matter. At the time this sand was selected there was a question of its 
suitability. Both the contractor and the engineer recommended the use of 


(645) 











646 DerstrucTIVE AGENTS AND PROTECTIVE TREATMENTS. 


a coarse, sharp, and cleaner sand, but because of the economic saving and 

for the reason that the 7-day test on the sand showed a tensile strength 

averaging about 123 per cent of standard Ottawa sand, the owner felt that 

it should be used on the work. When the mixture showed a deficiency of 

gravel enough crushed stone was added to approximate a 1: 2: 4 mixture. 
An analysis of the fineness of the sand gave the following results: 





Analysis No. 1-A Analysis No. 2-A 





Per Cent Finer Per Cent Finer 
Size of Sieve Than Than 

Inches No. 

0.50 % 100 100 
0.25 5 98 95 
0.16 12 85 86 
0.0583 20 75 
0.0335 30 55 57 
0.0148 40 43 45 
0.0110 50 28 30 
0.0055 100 8.2 10.75 
0.0030 200 2.2 4.75 





It is to be observed from the above that 8.2 per cent is finer than No. 
100 sieve, and that the very finest layer from this bank showed 10.75 pass- 
ing No. 100 sieve. 

In looking up authorities it seems to be pretty well demonstrated that 
notwithstanding the high strength, a fine sand produces a mortar which is 
easily attacked by the chemical action of sea water. This is discussed by 
R. Feret* as follows: 





“If a series of mortars are subjected to a continuous filtration 
of sea water, those made from coarse sand remain intact, while decom- 
position is more and more active for mortars containing more and more 
fine sand. In practice this latter is the most frequent case, and in fact 
it has been verified that the destruction of concrete or mortar by sea 
water has in most cases been due to the use of too fine sands. 

“This is a point which cannot be too strongly insisted upon, and 
experiments show that a rather lean mortar of coarse sand is much 
preferable to a mortar of fine sand even when a very large quantity of 
cement is introduced into the latter. Fine sands ought to be banished 
relentlessly from sea water construction even when the cost of coarse 
sand is very high. When stone is at hand, an excellent sand can be ob- 
tained economically by crushing it.” 


*See Taylor and Thompson’s “Concrete Plain and Reinforced,” Third Edi- 
tion, Page 278. 
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Tests on this sand indicated that traces of organic matter were present. 
While the amount was not sufficient to make it objectionable, for ordinary 
concrete, for sea water work contaminations of this kind should be avoided. 

This structure was satisfactorily repaired at a cost which approxi- 
mates the saving resulting from the use of the finer sand. This was accom- 














VIEW OF PIER SHOWING EXTENT OF DISINTEGRATION AND METHOD OF REPAIR. 


plished by the use of the cement gun. All materials on the area affected 
were removed by air tools, and later the surface was sandblasted. As 
soon as this was accomplished the cement gun was used to build up each 
member to its original size and form. Great care was used to see that the 
sand for this service was of a coarse, sharp character, and that the cement 
met sea water specification. 
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REPAIR OF FAULTY CONCRETE STRUCTURES. 
By B. C. CoLuier. 


The studies of this committee are of considerable interest to the 
Cement-Gun Co. as the cement gun is used extensively in making repairs 
to disintegrated structures. The portability of the cement gun and its 
ability to place concrete in almost inaccessible locations without the use of 
forms, makes it peculiarly adapted for such repairs. This adaptability has 
led to its rather wide use for this purpose and has given the writer and his 
organization a good opportunity to study concrete structures that have 
proven faulty. A review of our findings may be of interest in the con- 
sideration of this subject. In carefully analyzing the reasons for the de- 
fects encountered it is found that they come chiefly under three headings: 


1.—Excess mixing water. 
2.—Improper aggregate. 
3.—Improper design. 


Concerning the first, the work that has been done within the last few 
years in water control has focused attention on this important detail and 
it may be expected that as the knowledge spreads, better practice will 
result. However, the spread of this knowledge is slow and many con- 
tractors still feel impelled, because of the large amount of steel in the 
bottom of beams, to use excess water in order to fill and surface the bottom 
of the beam. In some instances where an excessive amount of steel is 
used, it is almost impossible to surround the steel with material other than 
mortar, 

Concerning the use of improper aggregates, attention should be called 
to the prevalence of magnesite limestone, particularly in the eastern sec- 
tion of the United States. This slacks rapidly when exposed to air, and is 
naturally susceptible to slacking if it is in a concrete which is of a porous 
nature. This action is aggravated in retaining walls or similar structures 
subjected to seepage and water pressure. 

A well-known example of failure due to improper aggregates is that of 
the Nashville bridges. The stone in these structures was shaley limestone, 
which turned white and chalky as lime in a distance of two or three inches 
from the surface. This defect is aggravated from two other sources; 
namely, fine sand not well graded, which makes porous concrete, and over- 
watered concrete which is referred to above. 

In the neighborhood of Allentown, Pa., where limestone is used as an 
aggregate, there is evidence in some concrete of a disruption which might 
be termed “blowing.” 

The improper design referred to above has largely to do with the plac- 
ing of the steel. It is not uncommon, even on the part of our best engi- 
neers, to space l-in. or even 114-in. rods, 3 in. or less on centers, often with 
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a second layer of rods so placed as to practically cover the opening. This 
makes a congestion of steel that prevents concrete containing any stone 
from passing through the intervals and filling the lower portion of the 
beam. To avoid “honeycombing” in such cases, it is necessary for the con- 
tractor to use wet concrete. This results in an exceedingly poor mortar 
in that portion of the beam which should be densest and most impervious 
to the action of moisture and exterior destructive agents. Samples are 
available taken from the bottom of deep girders where not a piece of stone 
can be found in the slab four inches thick. 

It is recommended that engineers avoid the congestion of steel as much 
as possible, and where for structural reasons this cannot be avoided, it is 
suggested that the steel be placed directly against the forms and the bot- 
tom of the beam be coated with gunite. This will add somewhat to the 
expense, but will insure a definite coating and proper mix surrounding 
that portion of the beam which is the most important. 








Mr. Miner. 








DISCUSSION 


JosHua L. Miner (By Letter).—Many failures of concrete, directly 
or indirectly, are ascribed to the use of excess mixing water. It is generally 
fair to assume that where badly-proportioned aggregates or fine and dirty 
sands have been used that an excess of mixing water was also used even 
though this fact is not stated or not known. Badly-proportioned aggre- 
gates result in brash mixtures and in an effort to obtain workability the 
contractor adds additional mixing water. Fine sands or dirty sands 
or both require more mixing water than do clean, well-graded sands to 
obtain workable mixes. 

Excess mixing water results in more porous concrete and also con- 
crete of low strengths. Does the effect of the excess mixing water stop 
here? Is it not possible that the chemical structure of the binding media 
formed during the process of hydration is affected by the amount of water 
mixed with the cement? Does the use of excess mixing water result only 
in a mechanical separation of the individual cementing particles and a 
mass of less density, or does it in addition result in a binding media that 
is less resistant to the chemical attack of moisture? 

Various distinctive types of concrete failures in both salt and fresh 
water have been described. Some of these types are found in concrete 
subjected to either kind of water. One in particular that is common to 
both is the decomposition of the concrete into a soft pasty material. The 
binding media or mineral glue holding the aggregates together seems to 
have disintegrated into a soft sticky material having little if any strength. 

It would seem that the low strength of the concrete was not neces- 
sarily the cause of this type of failure nor does it appear that porous 
concrete always fails in this manner. Messrs. Atwood and Johnson in 
their report on “Marine Piling Investigations,” National Research Council, 
1924, make the following statement: 


“Generally the available evidence seems to indicate that the rapidity 
of chemical disintegration is roughly proportional to the permeability of 
the concrete but some structures built with lean mixtures and the con- 
sequently comparatively porous concrete are reported where the service 
has been satisfactory. Such concrete is subject to disintegration by ice 
in the colder latitudes, but the cases where it has a good service record 
in warmer waters seem to indicate clearly that some binding media resist 
chemical attack, even though the water has easy access to the interior of 
the mass.” 


Low strengths may be an indication of the use of an excessive amount 
of mixing water. 


Porosity also may be an indication of the use of 


( 650 ) 











DISCUSSION. 651 


excessive mixing water. Further, porous concrete undoubtedly will dis- 
integrate more rapidly under the chemical attack of water than will im- 
permeable concrete. However, in such cases it would seem that the failure 
was not due to a low strength porous concrete but to a relatively poor 
resistive cementing material. 

D. R. Miller, drainage engineer, U. S. Department of Agriculture, 
in his article, “The Action of Sulphate Water on Concrete,” Public Roads, 
October, 1925, states: 

“The relative consistency of 1 is as wet as can be used in machine- 


molded tile, and it has been found that consistencies greatly varying from 
this are considerably less resistant.” 


It would appear from the foregoing that Mr. Miller had determined 
the optimo amount of mixing water which would give the maximum dur- 
ability for the cements he was using and that an increase in the amount 
of water resulted in a cementing medium less resistive to the chemical 
attack of sulphate waters. 

B. Jeanneret, in his discussion of Atwood and Johnson’s paper “The 
Disintegration of Cement in Sea Water,” Transactions, Am. Soc. C. E., 
Vol. LXXXVIT (1924), states: 

“The original chemical composition of cements is no guarantee of 
their value. It is the chemical combination which takes place in the moist 


mortar which is the principal factor in their ability to oppose the destruc- 
tive action of sea water.” 


In other words, it is the chemical constitution of the set or hardened 
cement that determines its resistance to the action of sea water. 

Apparently the chemical character of the binding media or hardened 
cement is affected not only by the amount of curing water, but also by 
the method of curing. Mr. Miller, previously referred to, has reported, 
“None of the standard portland cement cylinders cured in steam at a tem- 
perature of 212 deg. F., regardless of the length of time they were so 
cured or of other variables, showed any surface action,” while “curing in 
water vapor at temperatures of 155 deg. F. and 100 deg. F. has been of 
no value.” These statements are quoted from his paper on the action of 
sulphate water on concrete previously mentioned. 

Laitance is an example of the effect of a great excess of mixing water. 
The cement has been drowned, hydration has been carried beyond the point 
of maximum strength to practically no strength. The material is highly 
porous and will not withstand weathering. 

Available evidence seems to indicate that the chemical structure of 
hardened or set cement mixed with an excess of water differs from that 
mixed with an optimo percentage of water. Concrete made with an excess 


of water appears to be not only weaker and more porous but also less 
durable. 








Mr. Watson. 


Mr. Wig. 
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T. P. Warson (By Letter).—Mr. Upson, in the appendix to the 1926 
Report of Committee E-6, refers to the mortar produced by using a fine 
sand and quotes R. Feret regarding the chemical action of sea water on 
mortar made of too fime sands. The writer feels that the promiscuous use 
of the words fine and coarse as referring to sands with no other qualifying 
sizes of the particles has caused a great deal of confusion and misunder- 
standing in the minds of concrete users who are eager to put into prastice 
any knowledge which will help the production of better quality concrete. 

The fine sand of one section is considered as coarse at another point 
and practically each locality has its own trade side classifications of 
sands which adds to the general muddled state of mind. 

The writer also takes this opportunity to call attention to the fact 
that the published data on the prospective merits of different gradings 
of sand, based on laboratory mortar tests, are very misleading as they 
apply to guidance in the manufacture of durable concrete. 

The naturai outcome of the accepted practice of determining the rela 
tive qualities of mortar based on a so-called consistency is the fixed 
opinions among investigators and laboratory authorities that the use of 
the coarser sands will produce the better quality concrete. 

The absence of any practical relation of laboratory consistency with 
field workability, as it applies to general concreting field operations, is 
worthy of serious consideration. 

The water-cement ratio theory of manufacturing concrete will continue 
to spread and with its more general adoption will come the natural striv- 
ing for the most economic mixtures to obtain maximum workability. 

Contrary to the prevailing opinions of many, a sand usually con- 
sidered as fine (passing a No. 8 sieve and retained on a No. 100 sieve 
with the proper practical grading of the in-between sizes), when used in 
the proper proportions, with properly-graded coarse aggregates, will pro- 
duce the maximum field workability and a more impermeable and there- 
fore more durable concrete than can be produced with the use of sands 
of coarser gradings. 

The grading of the particles of the sand are much more important 
than is generally conceded and the ultimate advance in the art of manu- 
facturing concrete of the best quality requires a change from the present 
practice of mortar tests of sands on the basis of consistencies requiring 
various percentages of water instead of a mortar test with a fixed water- 
cement ratio and with variable proportions of the sand according to the 
sizes of the particles of the sand to be tested. 

R. J. Wic.—Several years ago I had occasion to examine a great 
many concrete structures along the Pacific coast. The wonder to me has 
been not only then but during later years that cement will withstand all 
the abuse it gets. I would like to agree with the conclusion of the com- 
mittee with respect to fine sand. 
clusions are correct, that the sand should be coarse and graded, but we 
do have instances wherein fine sand has been used in sea-water work and 


In general I think the committee’s con- 
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the structures have been durable. There is one case I recall in San Diego, 
the Spreckles wharf, in which they used a 1: 2:3 or 1: 2: 4 concrete to 
form a jacket on the wood piles. This jacket was 5 or 6 in. thick, 
made from beach sand, and when I last examined it had been there 21 
years, and was still standing. This would seem to indicate that it is not 
porosity alone that determines the durability of concrete in sea water. 














MEASUREMENT OF AND ESTIMATING CONCRETE.* 
Submitted by Committee C-5. 


The report of Committee C-5, submitting a Tentative Standard cover- 
ing “Measurement of and Estimating Concrete” was approved by the com- 
mittee, and presented at the convention of the Institute in 1925. 

Since that time there have been no changes in the Standard as sub- 
mitted, and the final vote of the committee stood 15 for final adoption of 
the report as a standard, with only two dissenting votes. 

In view of the above, the committee recommends that the tentative 
standard be submitted to a vote of the membership of the Institute for 
adoption as a standard. 


FRANK R. WALKER, Chairman. 


*Report adopted by convention Feb. 24, 1926. Accepted as standard by 
letter ballot canvassed May 27, 1926. 
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AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATION OF MEASUREMENT OF AND ESTIMATING 
CONCRETE—STANDARD METHODS FOR THE MEASUREMENT 
OF CONCRETE WORK. 
As submitted by Committee C-5. 


Serial Designation C-5A-26. 
The following divisions are recognized as separate and distinct opera- 


tions in the construction of concrete work for which separate modes of 
measurement are necessary. 





I. Plain and Reinforced Structural Concrete: 
(a) Concrete 
(b) Forms 
(c) Reinforcement 
(d) Surface Finish 
(e) Tile Fillers 


II. Sidewalks and Driveways. 


Ill. Structural Precast Concrete: 
(a) Concrete 
(b) Reinforcement 
(e) Erection 
IV. Cast Ornamental Concrete Work. 


V. Roads and Pavements: 


The following general rules shall govern the measurement of the above 
items (with the exceptions where specifically noted) : 
(a) All work shall be measured net as fixed or placed in the struc- 
ture. 
(b) In no case shall non-existent material be measured to cover 
extra labor. 
(ec) No allowance shall be made for waste, voids, or cutting. 


I, PLAIN AND REINFORCED STRUCTURAL CONCRETE, 
(a) Concrete. 


1. The unit of measure for all concrete shall be the cubic yard. 


2. All concrete shall be measured net as placed or poured in the 
structure, except as mentioned under Rule No. 4. 
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3. In no case shall an excess measurement of concrete be taken to 
cover the cost of forms or extra labor in placing. 


4. All openings and voids in concrete shall be deducted with the fol- 
lowing exceptions: 


(a) No deduction shall be made for reinforcement, I-beams, bolts, 
etc., embedded in concrete except where a unit has a sectional area of 
more than 1 sq. ft. 


(b) No deduction shall be made for pipes or holes in concrete hav- 
ing a sectional area of less than 1 sq. ft. 


(c) No deduction shall be made for chamfered, beveled or splayed 
angles to columns, beams and other work, except where such chamfer, 
bevel or splay is more than 4 in. wide measured across the diagonal 
surface. 


5. Each class of concrete having a different proportion of cement, sand 
cr aggregate shall be measured and described separately. 


6. Concrete in the different members of a structure shall be measured 
and described separately according to the accessibility, location or purpose 
of the work. 


7. Concrete with large stones and rocks embedded in same (cyclopean 
masonry) shall be measured and described according to the richness of the 
mix and the percentage of rock in same. 


8. Concrete stairs shall be measured by the linear foot of riser. Price 
to include forms, concrete, steel and finish tread. (Rise and tread to be 
given.) Finished surfaces shall be measured separately. In addition to 
stairs, measure platforms in square feet. Where stair risers are more 
than 5 ft. in length or stairs have unusual features, the concrete, forms 
and reinforcing should be measured and priced separately. 


(b) Forms. 


9. The unit of measure for formwork shall be the square foot of 
actual area of the surface of the concrete in contact with the forms or 
false work. 


10. Forms to different parts of a structure shall be measured and 
described separately according to the position in the structure, accessi- 
bility, purpose and character of the work involved. 


1l. Forms shall in every case be measured and described separately 
and in no case (except as Rule 8) shall the measurement of concrete in- 
clude the forms. 


12. No deduction shall be made in measurement of surface of con- 
crete supported by forms, because of forms being taken down and re-used 
two or three times in the course of construction. 
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13. The unit price for superficial measurement of forms shall include 
the cost of struts, posts, bracing, bolts, wire, ties, oiling, cleaning and 
repairing forms. No measurement to be made of these. Story heights 
over 12 ft. shall be listed separately, stating story height and area of 
forms. 


14. Distinction shall be made between wood and metal forms. 


15. Angle fillets or bevels to beams and columns shall be measured 
and described separately. 


16. No deduction in measurement of forms shall be made for openings 
having an area of less than 25 sq. ft. 


17. No deduction shall be made in floor forms for heads of columns 
of any shape, or area of clay or metal tile. 


18. No deduction shall be made in column and girder forms for ends 
of girders, cross beams, etc. 


19. No allowance shall be made for hand-holes in column forms for 
clearing out rubbish. 


20. The measurement of column forms shall be the girth multiplied 
hy the height from the floor surface to the under side of floor slab above 
or to the bottom of the drop panel. 


21. Forms to rectangular, octagonal, hexagonal and circular columns 
shall be measured and described separately. Circular columns shall be 
listed separately, stating number, size and height of each. 


22. Caps and hases to columns and other ornamental work shall be 
measured by number and fully described, giving overall dimensions. 


23. The measurement of beam forms shall be the net length between 
columns multiplied by the sum of the breadth and twice the depth below 
the slab, except for beams at edge of floor or around openings which shall 
have the thickness of floor added to the sum of the breadth and twice the 
depth. The form area for the breadth of the beam should be deducted 
from the floor forms. 


24. Allowance shall be made by number for pockets left for future 
beams. 


25. Forms to circular work shall always be measured separately from 
forms to straight work. 


26. No measurement or allowance shall be made for construction 
joints in slabs or beams, to stop the day’s concreting. 


27. Construction joints or expansion joints to dams, bridges and other 
large masses of concrete shal’ be measured by the square foot as they 
occur. 


28. Falsework and staging for bridges, domes and other special work 
shall be described and measured separately. 
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29. Forms to cornices and moldings shall be measured by the linea! 
foot and the girth stated. (The term girth shall be taken to mean the 
total width of all curved and straight form surfaces touched by the con- 
crete.) Plain forms to back of cornice to be measured separately. 


30. Forms to window sills, copings and similar work shall be meas- 
ured by the lineal foot. Indicate the dimensions. 


31. If forms are required for the upper side of sloping slabs, such as 
saw-tooth roofs, they shall be measured separately. 


(c) Reinforcement 


32. The unit of measure of reinforcement shall be the weight in tons. 


33. The weight shall be calculated on the basis of a square rod 1 in. 
x 1 in. x 12 in., weighing 3.4 lb. 


34. Steel rods for reinforcement shall be measured as the gross weight 
_Trequired to be purchased. 


35. Deformed bars shall be measured separately from plain. 
36. Spirals shall be listed separately. 


37. Separation shall be made according to accessibility, location or 
purpose of reinforcement. 


38. The rods of each different size shall be measured and described 
separately. 


39. Bent bars shall be measured separately frm straight bars. 


40. Chairs, ties, pipe sleeves, turnbuckles, clamps, threaded ends, nuts 
and other forms of mechanical bond shall be measured separately by num- 
ber and size and allowed for in addition. 


41. Wire cloth, expanded metal and other steel fabrics sold in sheets 
or rolls shall be measured and described by the square foot. The size of 
mesh and weight per square foot of steel in tension shall be stated. Allow- 
ance shall be made for waste, cutting, laps, etc., stating allowance. 


(ad) Surface Finish. 


42. The unit of measure for finish or treatment of cuncrete surfaces 
shall be the square foot. The following shall be measured and described 
separately. 


Cement wash. (State how many coats.) 
Rubbing with carborundum. 

Patching and removing of fins. 
Scrubbing with wire brushes. 

Tooling. 
Picking. 
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Plastering. 
Treating with acid. 
Floor hardener. 


43. Allowance shall be made for going over concrete work after re- 
moval of forms and patching up voids and stone pockets, and removing 
fins. Where rubbing is specified the cost of removing fins should be in- 
cluded with rubbing. 


44. Cement or granolithic finish shall include all labor and materials 
for the thickness specified. Do not make deductions for partitions or col- 
umns. Do not deduct openings containing less than 25 sq. ft. 


45. Finish laid integral with the slab shall be measured separately 
from finish laid after the slab has set. 


46. Allowance shall be made for protection of finish with sawdust, 
sand or tenting, giving area to be covered. 


47. Grooved surfaces, gutters, sills, curbing, etc., shall be measured 
separately from plain work and shall be measured by the square foot or 
lineal foot as the case may require. 

48. Cement cove and base shall be measured by the lineal foot, giving 
size. 

(e) Tile Fillers. 

49. (a) Clay tile should be estimated by the number of square feet 
of each size tile required. Give number of end tile. 

(b) Gypsum tile shall be measured by the number of lineal feet of 
each size. Soffit pieces shall be measured by the lineal foot, stating width. 

(c) Metal tile shall be measured by the number of lineal feet of each 
size. State number of end tile pieces necessary. 

(d) Wood tile shall be measured by the number of lineal feet of 
various depths. 

(e) Metal lath or other ceilings under wood or metal tile ceilings 
shall be measured in square feet of surface covered. 


II. SIDEWALKS AND DRIVEWAYS. 


50. Sidewalks and driveways shall be measured by the square foot; 
the thickness to be stated in the description. 


51. All linear surface measurement shall be made along the grade line 


or the actual length of the sidewalk or driveway and not merely hori- 
zontally. 


52. Finish, reinforcing and lining in squares and cinder or stone foun- 
dations shall not be separately measured, but shall be described. Expan- 
sion joint material to be measured ‘separately per linear foot. 


53. Curbs and curb and gutter work shall be measured by the lineal 
foot and separated according to character and size, and shall include foun- 
dations, forms and finish. 
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54. In measuring curbs the full height and width or thickness of same 
shall be taken to the extreme edge. 


55. Circular corners to curbs and gutters shall be measured sep- 
arately by number, stating radius and length measured on the curve. 


56. Vault lights shall be measured by the square foot, the size and 
type of glass, forms, steel and finish to be described but not measured sep- 
arately. Beams under vault lights shall be measured by the lineal foot. 
In measuring vault lights the measurement shall be taken at least 4 in. 
beyond the outside line of the glass in each direction. 


III. Srrucrugat Precast CONCRETE. 
(a) Concrete. 


57. The term structural precast concrete is taken to include unit 
construction by the various systems. 


58. The unit of measurement for structural precast concrete shall be 
the cubic foot, and shall be measured net as provided for monolithic con- 
crete. 


59. The various members shall be measured on the ground before 
erection. 


60. No measurement shall be taken of forms. 


(b) Reinforcement. 


61. Reinforcement shall be measured separately as provided in Para- 
graphs 35 to 47, inc. 
(c) Erection. 


62. The unit of measure for the erection of structural precast con- 
crete shall be the volume of the finished member in cubic feet. 


63. The unit of measurement for grouting shall be the cubic foot of 
grout required. ; 


IV. Cast ORNAMENTAL CONCRETE WORK. 


64. Cast concrete shall be measured by the cubic foot, but the meas- 
urement shall be the smallest rectangular solid that will contain the piece 
measured and not its actual content. 


65. No allowance shall be made for forms. 


66. No allowance shall be made for reinforcement in trim and orna- 
mental work. 


67. No allowance shall be made for surface finish in trim and orna- 
mental work. 


68. Circular work shall be measured separately from other work. 
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69. Mitre blocks and end blocks for cornices, etc., shall be measured 
separately from straight molded work. 


70. Vases, seats, pedestals, balusters and other similar items shall be 
measured by number and description with overall dimensions. 


71. The unit of measure for the erection of ornamental concrete shall 
be the volume in cubic feet as measured under Rule 64. 


V. Roaps aNnpD PAVEMENTS. 


72. The unit of measure for concrete pavement on roads or streets 
shall be the square yard of pavement surface. 


73. All linear surface measurements shall be made along the grade 
line or the actual length of the pavement, and not merely horizontally. 


74. Deductions shall be made for openings in concrete pavement of 
more than one square yard surface area. No deductions shall be made for 


individual openings, such as manholes, catch basins, inlets, lampholes, 
monument covers, etc., of less than one square yard surface area. 


75. Concrete roads and pavements having sections of varying propor- 
tions of cement, sand and stone, or having sections of varying thickness or 
cross-section, shall be measured and described separately. 


76. Concrete roads and pavements containing reinforcement of any 
type shall be measured and described separately from that not containing 
reinforcement. 


77. Concrete roads and pavements requiring forms shall be measured 
and described separately. 


78. Concrete roads or pavements requiring any special surface treat- 
ment shall be measured and described separately. 
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At the 1924 meeting, the American Concrete Institute adopted as ten- 
tative “Specifications and Building Regulations for Concrete Staves” sub- 
mitted by this committee. These with supplementary notes were published 
in the 1924 Proceedings. 

No report was presented by this committee at the 1925 meeting. At 
that time an extension of time was requested to complete additional tests 
to determine fully the practicability of the strength and absorption require- 
ments as given in the tentative specifications. Such tests were made in the 
plants of the Waterloo Concrete Corp., Waterloo, Iowa; the Michigan Silo 
Co., Peoria, Illinois; the Interlocking Cement Stave Silo Co., Wichita, Kan- 
sas; the Neff and Fry Co., Camden, Ohio; and in several other plants. A 
description of the tests at Wichita which are representative is included as 
a part of this report. 

On the basis of results obtained from these tests your committee re- 
spectfully recommends that the present tentative specifications be adopted 
as standard. 

In support of the specifications we are submitting the following data 
covering a series of tests made on staves in the plant of the Interlocking 
Cement Stave Silo Co., Wichita, Kansas. These were conducted under the 
direction of A. A. Anderson, construction engineer, attached to the Kansas 
City office of the Portland Cement Association. 

The transverse tests were made in a specially devised machine shown 
in Fig. 1. The staves were supported on one end by one 5-in. round rod 
and at the other end by two %-in. round rods set at right angles to each 
other providing a spherical bearing for equalization of the loading. The 
distance between supports was 22 in. The load was applied at mid span 
with a screw jack through a spherical bearing obtained by two %-in. round 
rods placed at right angles to each other. Metal plates % in. x 1% in. 
shimmed with blotting paper were placed between the stave and the sup- 
ports and between the stave and the point where load was applied at mid 
span. All specimens were tested 28 days after being manufactured. 

Absorption tests were made on sections cut from staves, with all four 
edges being broken edges. These sections had a face area of approximately 
90 sq. in. The specimens were dried to constant weight in an oven and 
then immersed in water at room temperature (70 to 80 deg. F.) for 48 
hours. They were then dried with a towel of all surplus water and 
weighed. The increase in weight, expressed as a percentage of the dry 
weight gave the absorption. 

Specimens were made under ordinary plant conditions. The staves 
were of the “Interlocking type” 28 in. long, 10 in. wide and 2% in. thick. 
Owing to the ends being of the O and G type it was possible to secure only 
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a 22-in. span in the testing machine. Results were then translated to 
equivalent 24-in. span as required in the specifications. 

: In Series A the aggregate consisted of 80 per cent sand and 20 per 
cent chat. Table I gives information as to mixture, fineness modulus of 
aggregate, yield per sack of cement and the results of the transverse and 




















STAVE-TESTING MACHINE USED IN TESTS OF THE INTERLOCKING CEMENT STAVE 
SILO CO., WICHITA, KANSAS. 


absorption tests. These results are further summarized in Table II. It is 
to be noted that the staves in Series A did not meet transverse require- 
ments—Absorption, however, was below the maximum of 6 per cent allowed. 

In Series B the percentage of chat was increased to 30 per cent by 
weight producing a fineness modulus of the mixed aggregate of 3.9. This 
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TaB.e I.—Tests or Concrete Staves, INTERLOCKING CEMENT SraveE SILo 
Company, Wicuita, Kansas. 


Dimensions of Staves—28 x 10 x 2} in. with O and G Ends. 
All Staves Made with Anchor Automatic Tamper Batch Mixer. 
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aggregate was beyond the limit of coarseness for satisfactory workability 
and produced a stave too rough to be salable. The yield, strength and 
absorption were satisfactory. 

Aggregate in Series C was composed of 20 per cent chat and 80 per 
cent by weight of local sand. The mixture in this series was 1:4 by 
weight or 1: 3.3 by volume, dry and rodded. This series gave the highest 
transverse strength and the lowest absorption of the entire test. The yield 
was 8 staves per sack of cement. 

Owing to the harsh working concrete resuiting from inclusion of chat 
in the aggregate 30 per cent of pebbles was added to the local sand in 
Series D. This produced an aggregate of fineness modulus of 4.0. This 
concrete worked satisfactorily in the machine producing a stave of satis- 
factory appearance but fell slightly under the transverse strength require- 
ments. 


Taste II.—Summary or Tests, Sito Sraves, Inrer.ockine Stave Si1o 
Company, WicHITa, Kansas. 
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Series E, F and G were made up of local river sand which is available 
in abundance. The average of this series fell under the transverse strength 
requirements, with Series G having an excess of absorption also. 

In Series H to K inclusive pit-run aggregate from the Little Arkansas 
River was used. This aggregate was well graded from coarse to fine except 
for a scarcity of material below a 50 sieve. This aggregate however worked 
satisfactorily in the machine producing a stave somewhat granular in ap- 
pearance but not objectionable. The staves in Series H and I passed all 
requirements of the specifications. 

In Series L to N inclusive 10 per cent of blow sand was added to the 
pit-run material from the Little Arkansas River to relieve the somewhat 
harsh workability of the concrete. No particular advantage was apparent 
with the finer sand but the transverse strength and amounts of absorption 
were adversely affected. 

W. O. BRASSERT, Chairman. 
W. G. Kaiser, Secretary. 
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AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS AND BUILDING REGULATIONS FOR 
CONCRETE STAVES.* 


Submitted by Committee P-4 on Concrete Staves. 
(Serial Designation P-4A-26) 


1. Concrete staves meeting the requirements of the following specifica- 
tions may be used in the construction of silos, coal pockets, corn cribs, 
grain bins and other structures for which these units are suitable. 

2. Concrete staves must be subjected to transverse and absorption 
tests. All official tests must be made in a testing laboratory of recognized 
standing. Six samples representing the ordinary commercial product se- 
lected at random from stock must be provided for the purpose of testing. 

3. The ultimate transverse strength of the test staves at 28 days 
after being manufactured or when shipped must average not less than 
90 Ib. with no test falling below 75 lb. for each inch of width of the stave. 

4. The absorption at 28 days after being manufactured or when 
shipped must not in any case exceed 6 per cent. 

5. The transverse test shall be made as follows: The sample to be 
tested shall be placed flatwise in the testing machine and supported at one 
end on a %-in. round rod and at the other end by a spherical bearing block 
using a steel plate 2 in. wide and of sufficient stiffness to properly dis- 
tribute the load between concrete and load point. The distance between 
points of support shall be exactly 24 in. The load shall be applied at mid- 
span through a spherical bearing block. 

6. In the absorption tests the samples shall be first thoroughly dried 
to a constant weight at a temperature not to exceed 230 deg. F. After 
drying, the sample shall be completely submerged in clean water at a tem- 
perature of between 60 and 80 deg. F. for a period of 48 hours. The speci- 
men shall then be removed, the surface water wiped off, and the sample 
reweighed. The percentage absorption is the weight of the water absorbed 
divided by the weight of the dry specimen and the quotient multiplied 
by 100. 

9. The load on any concrete stave wall, including the superimposed 
weight of the wall, shall not exceed 200 lb. per sq. in. 

10. Silos, grain tanks, coal pockets, corn cribs, etc., constructed of 
concrete staves shall be hooped with steel rods or bands of such cross-sec- 
tional area that the steel will not be stressed to exceed 16,000 Ib. per sq. in., 
and the hoops shall be placed at such intervals that the staves will not be 
loaded to exceed 25 per cent of their average transverse strength. 








*Adopted by convention Feb. 25, 1926, to be referred to letter ballot for 
acceptance as standard. Letter ballot canvassed May 27, 1926. 
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Report OF COMMITTEE P-1, STanDARD BuILpING UNITs. 


The practice of having their products tested periodically is becoming 
very general among the producers of concrete masonry units. Since in a 
few cases, products manufacturers have reported that uniform results were 
obtained in one laboratory while variable results were obtained from an- 
other and since occasionally reports have been received where cardboard, 
wood or similar materials were used for capping purposes, the committee 
decided to give further study to that portion of our Standard Specifications 
for Concrete Building Block, Building Tile and Brick which relates to the 
testing of these units for compressive strength. 

In this connection it was found desirable to propose the addition of 
more explicit instructions in three paragraphs. The changes will be of 
special value to the laboratories which have had little experience in testing 
these products. 

The revised sections are hereby submitted as tentative amendments to 
the corresponding sections of the present specifications. 

Proposed amendment to Paragraph 16, Section 2 of the Standard 
Specifications for Concrete Building Block and Concrete Building Tile, 
(Serial Designation P-1A-25) also to Paragraph 12, Section 2 of the Stand- 
ard Specifications for Concrete Brick, (Serial Designation P-1B-25). 

“Bearing surfaces shall be made plane by capping with plaster of 
paris or a mixture of one-half portland cement and one-half plaster of 
paris, which shall be allowed to thoroughly harden (from 3 to 6 hours) 
before the test. No point on the surface shall deviate from the plane 
more than 0.003 in. The cap shall not be thicker than % in. It shall be 
formed by means of an accurately machined metal plate or a heavy plate 
glass having a true surface.” 

Proposed amendment to Paragraph 18, Section 2 of the Standard 
Specifications for Concrete Building Block and Concrete Building Tile, 
(Serial Designation P-1A-25), also to Paragraph 14, Section 2 of the 
Standard Specifications for Concrete Brick (Serial Designation P-1B-25). 

“The load shall be applied through a spherical bearing block placed 
on top of the specimen. The rate of loading after 50 per cent of the ulti- 
mate load has been applied shall not be greater than that which will pro- 
duce a shortening of the specimen of .02 inch per minute.” 

Proposed amendment to Paragraph 20, Section 2 of the Standard 
Specifications for Concrete Building Block and Concrete Building Tile 
(Serial Designation P-1A-25). 

“Machined-steel or cast-iron plates of sufficient thickness to prevent 
appreciable bending shall be placed between the spherical bearing block and 
the specimen. In no case shall the distance between the edge of the spher- 
ical bearing block and the end of the bearing plate be greater than twice 
the thickness of the plate. Where a number of thin plates are used, in no 
ease shall the plates be less than one inch thick nor shall any plate extend 
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beyond the one immediately above it a greater distance than twice the 
thickness of the plate.” 

Discussion.—The new provisions define more closely three factors 
which have an important bearing upon the ultimate strength of a test 
specimen; namely, the thickness and trueness of the caps, the rate of apply- 
ing the load and more definite requirements for the plates used between 
the spherical bearing block and the specimen. 

The thickness of the caps and the trueness of the bearing surface are 
especially important factors. Tests carried out at the Structural Materials 
Research Laboratory (See Bulletin 14, “Effect of End Condition of Cylinder 
on Compressive Strength of Concrete” by H. F. Gonnerman) on 6 x 12-in. 
concrete cylinders made on and capped with sheared plates 0.004 to 0.012 
in. out of true showed reductions in strength as high as 32 per cent. 
Attention of the committee has been called frequently to the low results 
obtained from test specimens on which exceptionally heavy caps were used. 
Often the capping material is considerably weaker than the product being 
tested and, where thick caps were used, failure or flow of the caps occurs 
which results in an uneven distribution of the load. 

A considerable variation is found in testing concrete specimens for 
compression when the rate of loading is varied, more especially after more 
than half of the load has been applied. Prof. D. A. Abrams in an article 
on “Rate of Application of Load on Compressive Strength of Concrete” 
Proceedings, A.S.T.M. Vol. XVII, Part II, 1917, states that “A machine 
speed which gives a shortening of the test piece of 0.01 to 0.02 in. per 
minute is recommended as a standard for compression tests of concrete.” 
Upon this basis the committee has considered it desirable to specify a max- 
imum rate of loading. 

Occasionally plates as thin as one inch have been used between the 
spherical bearing block and the specimen. Calculations of the deflection of 
the plates indicate that a bearing plate less than 2% in. thick may deflect 
sufficiently to transmit relatively high loads directly under the bearing 
block and relatively low loads at the ends of the specimen. Often it is 
convenient to use more than one plate and the proposed specification for 
these plates will safely permit this method. 

Last year, tentative standard amendments to the Standard Specifica- 
tions for Concrete Building Block, Building Tile and Brick were adopted 
which clarified the wording of some sections. This year, your committee 
submits the amendments found in this report for tentative standard 
amendments. Next year we will request that all of these tentative amend- 
ments be adopted as standard. Exhibits “A” and “B,” accompanying this 
report are the present Standard Specifications into which all the proposed 
amendments have been written.” 

C. L. Bourne, Secretary. 








*Specifications, adopted as standard in 1925, are published as a separate 
print. Tentative amendments presented at 1926 convention do not disturb 
existing standards. 














Rerort OF ComMMITTEE T-1, ON CRAZING. 


As far as the report of the Committee on Crazing is concerned I am 
almost in the position of the usual chairman in reporting progress, but I 
want to give you some little idea of what we have done. In the first 
place we did try to do some real work, but it only concerns what we pre- 
dicted last year. We got some data which form simply a post-mortem, and 
like post-mortems, it is useless because we cannot go back and get the 
immediate data which will enable us to form some idea of why what hap- 
pened did happen at all. 

It is all very well to be told by a contractor that he used a certain 
mix or a certain amount of water. According to those statements he 
should or should not have had crazing, and he invariably got the opposite, 
so those types of examination are not interesting and must and will 
continue to be made. So far as a basis for getting recommendations, they 
are out of the question. 

For about six weeks we have had a man working practically full time 
on laboratory work on crazing. We will continue this, as far as present 
indications go, indefinitely. We have also the promise of assistance from 
another laboratory which will devote considerable time to this work, and 
also we have the promise of assistance of another group in making some 
field tests of patterns based upon laboratory work. We intended to follow 
this thing along, but, as we cautioned you before, it is a long, long drawn 
out problem which cannot be brought to any definite conclusion simply by 
the opinions of any of us or any opinions offered to us. It is a laboratory 
problem and conclusions must be based upon laboratory data, corroborated 
by further field tests. 


P. H. Bates, Chairman, 
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DISCUSSION. 


Pror. W. K. Hatr.—I have been interested to find out just what was a 
craze and what was an actual separation or fissure in a concrete surface. 
We have made some observation on crazed beams of various types at the 
laboratory, to determine the development of surface fissures due to various 
degrees of extension of the surface. The beams had been exposed to the 
weather for six months after three days’ curing under wet burlap. There 
are three intensities of surface crazing patterns formed without the coming 
out of laitance, the badly crazed, the moderately crazed and free from 
crazing. There are two methods of troweling. 

These observations will be carried on still further to determine the 
relation between these fine patterns you so often see on the surface of 
sidewalks and the subsequent behavior of the surface. (See Prof. Hatt’s 
paper “Extensibility of Concrete,” p. 364.) 
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Cast STONE AND ARCHITECTURAL CONCRETE. 


Submitied by Committee P-2. 


Committee P-2 has to do with concrete products. Just what consti- 
tutes a concrete product seems by common consent to be clear enough 
to the members of this Institute, but I do not think a distinction between 
concrete products and other kinds of concrete has been officially made. 
A definition will at some time be necessary and will be made by the 
Institute. But until the Institute formally defines a concrete product 
I will continue to think of it as a thing made with concrete, in the making 
of which workmanship is more important than material. In other things 
made with concrete the material always seems to be more important than 
the workmanship. 

I do not wish you for a moment to think that I am suggesting this 
distinction as the basis of a definition for concrete products, because I, 
myself, am little concerned with definitions and do not think that this 
would be a good basis for one. But I may use this distinction as a device 
to direct your thoughts towards a fact, namely; that the Institute in the 
past has given little or no attention to craftsmanship. Much considera- 
tion has been given to materials but little to the contro] of materials. 
Considerable amounts of information have been recorded on the design of 
concrete structures, on the behavior of these structures in their daily 
work, but little on the technique or craftsmanship by which they were 
built. 

This committee, then, is a committee on craftsmanship. It is a new 
committee and is in a large measure a kind of free lance among the com- 
mittees of the Institute. Its work will differ greatly from what is usual. 
It may never write a specification nor a recommended practice. It may 
not present standards for publication, nor even report every year. But it 
will try to bring before the makers of concrete things the value of good 
workmanship, of fine technique as exemplified by good work, well done. 

The committee intends— 

(1) To write into the Proceedings of the Institute a record of the 
present state of the art of making architectural concrete and to supple- 
ment that by a record of developments as they occur. 

(2) To identify certain scientific knowledge now in the Institute with 
certain known processes in the art. To indicate certain well-known proc- 
esses in the art which have not been and should be translated into sci- 
entific forms. 

(3) To record the opinion of architects concerning concrete as an 
architectural medium in order that the changes in their opinion from 
what is now generally unfavorable to what will in the future be favorable 
may serve as mile posts by which to measure our progress. 
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Some of this work the chairman is equipped to do. Some of it must 
be done by others whose knowledge of a particular technique, or method 
of handling material for a particular purpose, is greater than his. I do 
not know how large the committee will be. For the present it will con- 
sist of the chairman and his conscience, who are expected to attend all 
meetings and to work in harmony. As the work begins to take orderly 
form craftsmen will be needed to tell how their work is done, artists will 
be needed to analyze and record the knowledge of the craftsmen as well 
as to give to them in turn new knowledge and better materials. And 
architects will be needed to give the benefits of all this to the building 
industry. 

The work of this committee will not be as general nor as far reaching 
as it could be, because it will necessarily be limited by the limitations 
of the chairman, who has been trained in the execution of architectural 
design almost to the exclusion of everything else. Therefore, the com- 
mittee’s attention will be confined to those concrete products, which belong 
to the group related to architectural concrete, such as concrete surface 
treatments and precast stone. Furthermore, the committee will begin its 
work in the present concerning itself with the processes of today, and it 
will gradually as time and opportunity allow include such information 
as may be gleaned from the past proceedings of the Institute and from 
analogy between the technique of concrete and that of other plastic 
materials. 


The work will be presented to the Institute in the form of a com- 
’ mittee report, or a paper, or a suggestion for papers on a certain subject 
by those who are fitted to present them. 
On the whole, I think the work will be interesting, and if the hopes 
of the chairman are realized, to a degree which is not impossible, it will 
be useful as well. 


JOHN J. EARLEY, Chairman. 








CONCRETE Propucts PLANT OPERATION. 
As Reported by Committee P-6. 


Committee P-6 felt that it would be desirable to elaborate on the cur- 
ing tests reported at the 1925 convention to cover curing conditions during 
the whole year. A sub-committee on curing was appointed which outlined 
a séries of tests to determine the effect of weather conditions on the out- 
door curing of concrete block. 

Monthly tests were started in November, 1925 and will be carried 
through October, 1926. 

The attached table shows the outline of tesis as adopted by the com- 
mittee. 

Up to the present time 120 block have been made and 48 have been 
tested. 


The test program is under the direction of Earle D. McKay, of Univer- 
sal Portland Cement Co. 


The block were manufactured, cured and stored at the plant of the 
Diamond Block Co., St. Paul, Minn. They are being tested at the Experi- 
mental Engineering Building, University of Minnesota, under the super- 
vision of Professor M. B. Lagaard. 


BENJAMIN WILK, Chairman. 
C. L. Bourne, Secretary. 
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OUTLINE OF PRoposED TESTS ON CURING OF CONCRETE BLOCK. 


Submitted by Committee P-6. 


Compression tests of 8 x 8 x 16-in. 3-core concrete building block. 
Mix 1:7 b zoo Seen © Sy Gat Speen Caan aggregates; aggregates measured separately. 


Aggregate: a mixture of sand (0 to No. 4) and pebbles (No. 4 to 4% in.) (Fineness Modulus about 4.25). 
as wet as practicable. (Mixing water to be accurately measured.) 
Machine mixed concrete (}4 bag batch). 
Concrete to be mixed 3 min. after all materials, including water, are in mixer. 
Block tamped the same number of blows and made by same operator if yaaa. 
Four blocks are to be selected for test for each condition from at least 3 batches. 
— wee ys as indicated. 
locks while outdoors to be protected from sun by additional! blocks. 














2° ' Age Number of 
Group} Month | Temperature Curing Condition Tes . ee 
deg. F. Made | Tested 
(a) In moist room for 24 hours, then out-doors 
June and sprinkled once daily for 7 days 28 days| 150 80 
1 | July*. Above 65 | (+) In steam room at 100° to 125° F. ioe 24 hours, | 3 mo. 
August then outdoors and sprinkled once daily for 
September 7 days | 
(c) In moist room at about 70° F. for 24 hours, 
Ortobert then outdoors and sprinkled once daily for 
2 | April Below 65 7 days. 28 days| 120 64 
May Above 45 | (d) In unheated moist room for 24 hours, then | 3 mo. 
outdoors and sprinkled once daily for 7 days. 
November (e) In moist room at about 70° F. for 24 hours, 
; then outdoors, but not sprinkled. 28 days 
January Below 45 | (/) Store in steam room at 100° to 125° F. for | 3 mo. 180 96 
February 24 hours, then outdoors, but not sprinkled 
March as. Se 
450 240 























* Repeat (a) and (6) during July but store in Laboratory after sprinkling for 7 days outdoors. 
t Repeat (c) and (d) during October, but store in Laboratory after sprinkling for 7 days outdoors. 
t Repeat (e) and (/) during January but store in Laboratory at about 70° F. upon removal! from curing 
room. 


October 14, 1925. 

















Report OF COMMITTEE S-1 ON REINFORCED-CONCRETE CHIMNEYS. 


The reorganization of Committee S-1 on Reinforced-Concrete Chimneys 
was approved by the Board of Direction at its May, 1925, meeting, but due 
to some misunderstanding as to the organization of the committee it was 
not released for active work until June. The committee assignment was 
the preparation of a standard specification for the design and construction 
of reinforced-concrete chimneys and the conducting and studying of tests of 
the structural behavior of such chimneys in operation. 

The committee was divided into two subcommittees, one on Standard 
Specifications, composed of E. A. Dockstader, chairman, F. P. Fairchild, 
William Jassoy, Prof. E. R. Maurer, and I. F. Stern; and one on Tests and 
Research, composed of J. W. Lowell, chairman, E. A. Dockstader, A. C. 
Irwin and Prof. E. R. Maurer. 

Due to a change in business connection during the year J. W. Lowell 
was obliged to resign as chairman of the subcommittee on Tests and Re- 
search, since which time this work has been carried on under the acting 
chairmanship of Benjamin Wilk, assistant western manager, Service Bu- 
reau, Universal Portland Cement Co. Prof. M. B. Lagaard of the Univer- 
sity of Minnesota has co-operated actively with the committee and has 
been of especial help in connection with the strain gage tests of the Duluth 
chimney. 

The subcommittee on Standard Specifications has prepared an outline 
for the proposed Standard Specification for the Design and Construction of 
Reinforced-Concrete Chimneys and is actively engaged in the preparation 
of this specification which has been divided into sections, each assigned to 
different members of the subcommittee. Progress to date indicates that a 
specification will be completed for submission to the Institute as a tentative 
standard before the next annual convention. 

The subcommittee on Tests and Research has concentrated particularly 
on a very complete series of tests now under way on a new 300-ft. high 
reinforced-concrete chimney constructed by the Weber Chimney Co. for the 
Universal Portland Cement Co. at its Duluth, Minnesota, plant. The tests 
being made include: 

1. An exhaustive series of tests of the temperatures within the con- 
crete shell and lining at various locations in the height of the chim- 
ney, under varying conditions of operation. 

2. Measurement of wind velocities adjacent to the chimney. 

3. Measurement of wind pressures exerted on the chimney under 
different velocities. 

4. Measurement of deflections of the chimney due to wind and heat. 
Strain-gage measurement of ‘stresses in the reinforcement and con- 
crete of the chimney shell under varying temperature conditions 
and wind velocities. 
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The development of this series of tests has involved the design of new 
apparatus and equipment for accurate measurement and it is confidently 
hoped that the tests will furnish valuable information as to the actual 
behavior of chimneys under operation. These results should be of material 
assistance to the subcommittee on Standard Specifications in its recom- 
mendations for design, particularly in connection with stresses due to tem- 
perature changes which are the most important stresses requiring con- 
sideration in the design of a reinforced-concrete chimney. It is hoped that 
the results of the tests will be available in time to prevent delay in the 
preparation of this portion of the design specification. 

A more detailed description of the tests of the chimney of the Univer- 
sal Portland Cement Co. at Duluth is given in a paper on this subject 
presented at the 1926 convention of the Institute.* 

The subcommittee on Tests and Research is also keeping in touch with 
other tests of chimneys being planned or being carried on in other locations 
and is endeavoring to interest owners and chimney constructors in the 
importance of such tests to furnish definite data on the behavior of chim- 
neys in operation. Practically no reliable data, of this nature, are avail- 
ble and such data are essential to the preparation of intelligent and com- 
prehensive recommendations for the design of such structures. 

Great credit is due to the Universal Portland Cement Co. for conduct- 
ing these tests on its Duluth chimney, which involve a great deal of time 
and care, as well as expense. 

C. E. NicHots, Chairman. 





*See p. 350 for details of test. 
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REPORT OF COMMITTEE E-3, ON RESEARCH. 


Introduction.—The reorganization of Committee E-3 on Research was 
authorized at a meeting of the Board of Direction held on April 28, 1924. 
The committee was organized late in 1924, the membership being made 
up so far as possible from universities and other institutions where research 
in the field of concrete is under way or may be undertaken. The functions 
of the committee are: 


(1) To present to the Institute, from year to year, a summary of 
what the various educational institutions and other research 
agencies are doing, that may be related to the work of the 
Institute. . 


(2) To act as a means of contact with a view to persuading qualified 
institutions to undertake researches in concrete that would 
expedite the work of the various committees of the Institute. 


In general, it is the duty of the committee to serve as a watchtower 
upon investigations of concrete with a view to reporting on researches 
needed and undertaken, and to give the Institute as complete information 
as possible on the work of research laboratories and educational insti- 
tutions in the field of concrete. 

As the committee was not organized until late in 1924, no report 
was presented at the 1925 convention. However, a meeting was held of 
the members in attendance at the 1925 convention and preliminary plans 
were made for the work of the year. The committee held no other meet- 
ings during the past year and its work has been carried on for the most 
part by correspondence. 

Research Agencies and Status of Research Work in the United States. 
—There is considerable activity at present among the various agencies 
carrying out researches in the field of concrete and numerous important 
investigations are under way. The principal research agencies engaged in 
this work and the publications in which the results are published from 
time to time are as follows: 


RESEAROH AGENCY RESULTS OF RESEARCHES PUBLISHED IN 


U. S. Bureau of Standards. Technologic papers, circulars, letter cir- 
culars, papers by members of staff. 
_For a complete list of publications on 
cement, concrete, reinforced concrete, 
stucco, building stone, and related sub- 
jects, see Letter Circular 155 of Feb. 
15, 1925. 
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ReEsEARCH AGENCY ResvLts OF RESEARCHES PUBLISHED IN 
U. S. Bureau of Public Roads. Monthly journal Public Roads,* papers 
by members of staff before engineering 
and technical societies, Association of 
State Highway Officials, and in tech- 

nical journals. 


State Highway Departments. Monthly magazines by various highway 
departments, papers by members of 
staff before highway associations and 
engineering societies. 


Universities and Colleges. Bulletins, papers by members of staffs 
before engineering and technical soci- 
eties, Summary and Index of Engi- 
neering Research Work at Land Grant 
Colleges published by the Engineering 
Section of the Land Grant College 
Association (1923). 


National Research Council. Bulletins, reprint and circular series, 
Proceedings of the Highway Research 
Board, bi-monthly magazine, “High- 
way Research News,” Proceedings of 
the National Academy of Sciences. 


Committees of National Engi- Reports of committees in proceedings of 
neering and Technical Soci- the various societies. 
eties. 


Structural Materials Research Bulletins and circulars of laboratory, 
Laboratory, Lewis Institute. papers before engineering and techni- 
cal societies. 


Navy Department, Bureau of Public Works Bulletins of the Navy. 
Yards and Docks. 


The U. S. Bureau of Standards has for many years been active in 
research on concrete and concrete materials and has published many 
papers on the results of this work. At the present time the Bureau is co- 
operating with the Portland Cement Association in an important and 
extensive investigation on the constitution of portland cement, further 
details of which are given in Part I of Appendix A of this report. 

The U. S. Bureau of Public Roads for several years has been actively 
engaged in making researches on concrete in connection with federal-aid 
highway projects and has made important contributions to the literature 
on this subject. Various state highway departments, those of California, 
Illinois, Iowa, Michigan, Minnesota, and Pennsylvania in particular, have 
contributed much to our knowledge of the properties of concrete and 
are now carrying out important researches on a variety of subjects. 

*The November, 1925, issue of Public Roads gives a tabulation of highway 
research projects recently completed or now in progress under the auspices of 


— highway departments, universities and state engineering experiment 
stations. 
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Many universities and colleges, notably California, Columbia, Illinois, 
Iowa, Maryland, Michigan, Purdue, and Wisconsin, are also actively 
engaged in researches on plain and reinforced concrete and on concrete 
materials and have published numerous valuable reports. A summary 
and index of researches carried out at land grant colleges was published 
by the engineering section of the Land Grant College Association in 1923. 

The National Research Council through its bulletins and circulars 
and through the Proceedings of the Highway Research Board has aided 
in the publication of timely researches on concrete, which publications 
contain valuable data. 

There are a number of committees of national engineering and tech- 
nical societies which are engaged in researches on cement and concrete. 
Committee C-1 on Cement and C-9 on Concrete and Concrete Aggregates 
of the American Society for Testing Materials have work under way which 
has an important bearing on test procedure and on specifications for 
various concrete materials. Committee C-1, at the last annual meeting of 
the society, presented a “Manual of Cement Testing” in the interests of 
greater uniformity in tests on portland cement. The Special Committee 
on Cement of the American Society of Civil Engineers is also taking an 
active interest in and is sponsoring investigations in this field. The Spe- 
cial Committee on Concrete and Reinforced-Concrete Arches of the Amer- 
ican Society of Civil Engineers is carrying out extensive studies on arches 
under construction and elaborate tests of laboratory models. Committee 
S-1 on Reinforced-Concrete Chimneys of the Institute is making tests on 
a 309-ft. reinforced-concrete chimney and Committee P-6 on Concrete 
Products Plant Operation has under way a series of tests on the curing 
of concrete block. A committee of the Engineering Foundation is making 
extensive tests on a single-arch type dam of plain concrete near Fresno, 
Calif., under a great variety of conditions as to loads and temperatures. 

Since its organization, Sept. 1, 1914, the Structural Materials Re- 
search Laboratory, at Lewis Institute, Chicago, has been active in con- 
crete research and at present has under way a number of studies on plain 
concrete and related subjects. 

Extensive tests of concrete in sea water at different locations on the 
U. 8. coast and at Pearl Harbor, Hawaii, are being carried out by the 
U. N. Navy Department, Bureau of Yards and Docks. These investigations 
include tests on concrete from portland and high alumina cements, using 
different aggregates, admixtures, accelerators, protective coatings, etc. 

Further details of the many investigations under way by various 
research agencies are given in Part I of Appendix A of this report. 

Researches Under Way.—In order to secure information as to the 
character and extent of research in concrete throughout the United States 
and Canada the committee submitted two questionnaires to approximately 
220 educational institutions, state, government, municipal, railway and 
other testing laboratories which the committee thought might be engaged 
in research on concrete and related subjects. These questionnaires were 
designed to secure information on: 
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(1) Researches recently completed, under way or planned for im- 
mediate future on concrete materials and plain and reinforced 
concrete, 


(2) Subjects in the field of concrete materials and plain and rein- 
forced concrete on which research is needed. 


The condensed replies to these questionnaires assembled by subject, form 
Appendix A of this report. Part I of Appendix A gives the researches 
under way and Part II gives subjects on which research is needed. 

A study of the investigations listed in Part I of Appendix A shows 
that at present considerably more attention is being given to plain con- 
erete and cgncrete materials than to reinforced concrete. Portland cement 
and the high alumina cements are receiving much attention. New methods 
of testing cement are being studied. Investigations are under way to 
devise methods of testing aggregates which will give definite information 
as to their suitability for concrete for various purposes. There are nu- 
merous investigations on the effect of impurities in aggregates and 
grading of aggregates on the strength and other properties of concrete. 

Investigations in the field of plain concrete cover a variety of sub- 
jects, the more important of which may be classified as follows: 


Absorption Jigging and Vibration 
Admixtures Pavements 
1. Accelerators 1. Cracking 
2. Deleterious Substances 2. Shrinkage 
3. Inert 3. Smoothness 
Age 4. Value of Reinforcing 
Aggregates Poisson’s Ratio 
Coloring Pressure 
Consistency (Workability) Proportions 
Curing Sea Water 
Dams Shrinkage 
Durability Strength 
Elasticity 1. Compressive 
Expansion and Contraction 2. Flexural 
Extensibility 3. Tensile 
Fatigue Sulphate Soils and Waters 
Field Control Temperature 
Flow (Plastic) Test Methods 
Freezing and Thawing Waterproofing and Protective 
Impact Treatments 


Investigations under way on reinforced concrete include such subjects 
as arches, beams, chimneys, columns, piling, pipe and slabs. 

Suggested Subjects for Research.—Part II of Appendix A lists a 
number of subjects on which research is needed. This list was compiled 
from the answers to the committee’s questionnaires and gives only the 
more important of the subjects suggested. 


. 
j 
' 
E 


ee 


— 








eee 











Rerort oF COMMITTEE E-3 oN RESEARCH. 681 


It is evident that there are a great many questions on which informa- 
tion is needed and on which research should be carried out as soon as 
possible. In cases where investigators have made tests on the subjects 
listed the committee will suggest to them that they prepare papers on the 
work in order that the information gained will be available to those 
interested. 

The committee believes that there are a number of laboratories equip- 
ped to do research work in concrete, which would be willing to undertake 
studies along certain lines. Part of the work of the committee for next 
year will be to interest and aid such laboratories in carrying out investi- 
gations on which information is needed. A few laboratories have already 
made known their willingness to co-operate in this work. 

Recent Reports on Researches in Concrete.—In order to inform the 
members of the Institute as to published papers and reports giving in- 
formation on recent researches on concrete, reinforced concrete and related 
questions, the committee made a survey of the literature of the subject 
and compiled a list of the more important articles which is given in 
Appendix B of this report. Part I of Appendix B contains references to 
recent reports on researches carried out in the United States and Canada, 
and Part II gives references to reports on researches carried out in foreign 
countries. In compiling this list the committee has, in general, referred 
only to reports which were published during the past year. However, in 
a few cases, reports on foreign researches dating back as far as 1920 
have been included. Papers published in the Proceedings of the Institute 
were not included. Attention is called to a recent bulletin of Purdue 
University on “Researches in Concrete,” by W. K. Hatt, which will be 
of particular interest to the members of the Institute. 

The committee wishes to express its appreciation to the various re- 
search organizations and individuals who have co-operated with it by 
furnishing information for this report. 


H. F. GONNERMAN, Chairman ; 
F. E. Ricnart, Secretary. 
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APPENDIX A. 


Part I—INVESTIGATIONS IN THE UNITED STATES AND CANADA 
RECENTLY COMPLETED, UNDER Way OR PLANNED FOR 
IMMEDIATE FUTURE ON CONCRETE MATERIALS, 

PLAIN AND REINFORCED CONCRETE. 


Note: Since the majority of the investigations listed below have not 
been completed, reports giving data of the tests are, in general, not avail- 
able. If a progress or final report has been published on an investigation, 
reference is made to the place of publication. The conclusions from certain 
of the researches listed are those given by the investigator and do not 
necessarily represent the views of the committee. 


Investigations on Concrete Materials. 
CEMENT : 

Constitution of Portland Cement.—(Portland Cement Association Fellow- 
ship, U. 8. Bureau of Standards, Washington) 

An exhaustive investigation to determine what chemical compounds exist in 
portland cement; how the composition and character of raw materials, composi- 
tion of raw mixtures, and degree of burning control their formation; what 
reactions take place when the cement is mixed with water and how these reac- 
tions are affected by foreign materials. Cement will be studied by means of the 
X-ray. Considerable work has been done on a study of the lime-silica-alumina 
system. The data obtained confirm the work of the Geophysical Laboratory 
which indicated that the major constituents are tricalcium silicate, dicalcium 
silicate, and tricalcium aluminate. The lime-iron oxide system is now being 
studied. Equipment is in use for producing the pure compounds in large quan- 
tities under closely controlled conditions. A very thorough study is being made 
of available petrographic methods looking toward developing a more precise 
one. Much attention has been paid to rechecking all data on the optical con- 
stants of the compounds that are being studied. 

Preliminary studies have been made on the hydration of cement in the 
presence of excess water. There has been determined the hydrogen ion content 
of the solution at definite times, the rate of the separation of lime or alumina, 
and the nature of the sulphate and chloride formed by the aluminates in the 
presence of certain sulphates and chlorides. Some work has been done on the 
measurement of the heat Sovteged by cement in setting and of the consistency 
of cement pastes and slurries. No publications have yet been issued. 

Fineness Investigation.—(U. S. Bureau of Standards, Washington) 

(a) Standard sieve series. 
(b) Fineness of cement by air analyzer. 

A Study of Bin-Storage of Portland Cement.—(Structural Materials Re- 
search Laboratory, Lewis Institute, Chicago) 

Strength tests of concrete and mortar at ages of 7 days to 2 years on 
samples taken at intervals up to 3 years from cement stored as follows: 

Cement stored at mill 

(a) Mill bin (samples from different depths). 

(b) Cloth sacks outdoors under canvas tarpaulin. 
Cement stored at Lewis Institute 

(a) Wood barrels in shed in yard. 

(b) Cloth sacks in shed in yard. 

(c) Cloth sacks in basement. 

(d) Air-tight metal cans. 


Relation Between the Strength of Cement Concrete in Which Cements Show- 
ing Widely Different Briquette Strengths are Used.—(U. 8S. Bureau of Public 
Roads, Washington) 

Tests to determine the relation between the quality of concrete as deter- 
mined by crushing strength and the quality of cement used in the concrete as 
determined by the conventional laboratory tests. 
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Studies of Methods of Molding Standard Briquets for Cement Tests.— 
(Structural Materials Research Laboratory, Lewis Institute, Chicago) 

A study of different methods of molding briquets to determine the effect 
of the recommendations of the “Manual of Cement Testing” prepared by A. 8. 
T. M. Committee C-1 on Cement on the 7- and 28-day tensile strength of 1:5 
standard sand mortar briquets. 

Tests of Standard Sand Mortars.—-(Structural Materials Research Labora- 
tory, Lewis Institute, Chicago) 

Tests made in co-operation with A. S. T. M. Committee C-1 on Cement to 
determine the form of specimen, mixture, consistency, method of molding, con- 
dition of curing, and age at test best adapted for an acceptable strength test 
of portland cement. The investigation included compression tests of 2-in. cubes 
and of 2x 2-in. and 2x 4-in. cylinders and tension tests of briquets made from 
standard sand mortars of different mixtures and consistencies; also compres- 
sion tests of 6x 12-in. cylinders of 1:3 concrete. Age at test 3 days to yr. 
Effect of length of storage of briquets in moist closet and the 3-day strength 
of mortar and concrete s mens after exposure to steam at atmospheric 
pressure for 5 hr. also studied. Similar tests are being carried out in a number 
of other laboratories using portland cement from the same lot. 

Tests of Mortars Made with Washed Standard Sand.—(Structural Mate- 
rials Research Laboratory, Lewis Institute, Chicago) 

Strength tests of mortars made from standard sand from which the dust 
had been removed by various chemical and physical treatments for the purpose 
of determining whether irregularities in cement testing are due to a coating of 
dust on the particles of standard Ottawa sand. The results indicate that a 
coating of dust on the standard sand is of comparatively little importance in 
causing irregularities in cement testing. 

Comparison of Methods of Compacting Mortar Cylinders.— (Michigan State 
Highway Department, Ann Arbor) 

Study of strength variations using different methods of compacting mortar. 

Study of Actual Cross-Section of Briquets._—_(Michigan State Highway 
Department, Ann Arbor) 

To determine whether or not there is sufficient variation in the cross-section 
of briquets made by standard laboratory methods to influence the results of 
tests in any marked degree. 

Effect of Height of Operators’ Table on Strength of Briquets.—(Michigan 
State Highway Department, Ann Arbor) 

Study of variation in strength of briquets molded on tables of different 
heights. 

New Cements and Standard Methods of Testing.—(U. 8. Bureau of Stand- 
ards, Washington) 

(a) Standard methods of cement testing. 

(b) Procedure for comparative cement tests. 

A Correlation Study of the Interrelationship of Individual Breaking 
Soremene of Portland Cement Mortars.—(Maine Technology Experiment Station, 
Orono) 

A statistical analysis of laboratory data on 711 different samples of cement 
to establish basic or foundation data for further study of tension tests on 
portland cement mortars. Published as Bulletin 14. 

Tests of Concrete Made with Cement that Failed to Meet A. 8S. T. M. Stand- 
ye 8 — jor Tensile Strength.—(Michigan State Highway Department, 

n Arbor 

Compressive strength, wear and modulus of svorece compared with that of 
specimens made with cement which passed the specifications. 

A Study of Lumnite Cement.—-(University of Washington, Seattle) 

Tests of 2x 4-in. mortar cylinders to determine equations for water-cement 
ratio strength curves and strength of mortar at different ages. Also tests to 
determine modulus of elasticity of concrete. Water and cement in different 
ratios added in form of paste to constant amount of aggregate. Strength deter- 
minations for each hour up to 24 hours then by days up to 28 days. Water- 
ratio-strength curves of same form as for portland cement. Strength of lum- 
nite cement mortar begins at 6 hours. 

Study of the Properties of Lumnite Cement and of Miatures of Portland 
and Lumnite Cements.—(Missouri School of Mines, Rollo) 

Determination of the properties of lumnite cement concrete and an investi- 
gation of the possibility of attaining similar results more economically with 
mixtures of portland and lumnite cements. 

Effects of Low Temperature on the Setting and Strength of Lumnite 
Cement.— (Michigan State College, Lansing) 

Compression specimens were exposed to cold weather of different degrees at 
various ages and with different coverings. Tests completed and report nearly 
ready for printer. 

_ Effect of Tannic Acid on Alumina Cement Concrete.—(Yale University, 
New Haven) 

a Short-Time Tests of Lumnite Cement Mortars._-(Lehigh University, Beth- 
ehem) 

Strength tests at early ages, 
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Tests of High Alumina Cement.—(lowa State Highway Commission, Ames) 

A study of the physical properties of high alumina cement. 

Tests of Lumnite Cement.—(Wisconsin Highway Commission, Madison) 

Tests to determine its characteristics and to compare its properties with 
portland cement. 


AGGREGATE: 


Investigation of Local Materials for Use in Concrete.—(Tulane University, 

New Orleans) 

ts to determine the adaptability of local materials for making concrete 
of predetermined strength. To date about 150 cylinders and the usual tests of 
the materials have been made. 

Investigation of Abrasion Test for Gravel.—tIllinois Department of Public 
Works and Buildings, Springfield) 

Comparison of results using plain and slotted barrels with and without 
abrasive charge. General survey by both methods on all Illinois gravels. 
ee ad of Deval Abrasion Tests of Gravel.—(University of Michigan, Ann 

rbor 

Tests to determine proper specification limits and methods as applied to 
Michigan gravels. 

Statistical Study of the Size-Strength Relationship of Natural Sands in the 
Standard Tension and Compression Tests.—(Maine Technology Experiment Sta- 
tion, Orono) 

Correlation or statistical analysis of data upon many natural sands to 
establish basic data on the effect of size and grading of natural sands upon 
their strengths in tension and in compression. 

A Study of Laboratory Methods for Determining the Quality of Fine Aggre- 
gate for Use in Cement Concrete.—(U. S. Bureau of Public Roads, Washington) 

Tests for hardness and abrasive resistance of sand grains and tests for 
durability of sand grains by means of an accelerated soundness test. 

Study of Effect of Deleterious Matter in Sand and Gravel.—(Michigan State 
Highway Department, Ann Arbor) 

Tests to determine whether or not specification standards for deleterious 
matter in sand and oe are sufficiently rigid. 

Screenings as Fine Aggregate.—(University of Kentucky, Lexington) 

A study of the use of screenings as fine aggregate. Specimens made from 
screenings as received, after washing, and after washing and grading. Speci- 
mens tested at 28 days and after exposure to weather for 1 year. 

Stone Screenings as Fine Aggregate.—(Illinois Department of Public Works 
and Buildings, Springfield) 

Compressive and transverse tests of specimens using stone screenings as 
fine aggregate. General conclusion is that clean stone screenings are suitable; 
deleterious effect from high percentages of dust. 

Tests of Poorly Graded Sands.—(lowa State Highway Commission, Ames) 

A study to devise methods of using poorly graded sands to produce concrete 
equivalent in workability and strength to that from normal materials. The 
mortar-void theory of proportioning was tried using briquets and 2.x 4-in. 
cylinders. 

The Function of Coarse Aggregate in Concrete.—(University of Colorado, 
Boulder) 

Study of effect of size, shape and kind of aggregate. 

Studies of Laboratory Tests for Determining the Quality of Coarse Aggre- 
gate for Use in Cement Concrete.—(U. 8S. Bureau of Public Roads, Washington) 

continuing investigation including a study of various methods for deter- 
mining the abrasive resistance of aggregates as well as a study of various forms 
of accelerated soundness tests, such as the sodium sulphate test, sodium chloride 
test and actual freezing and thawing tests. 
k anes of Shale in Concrete Aggregates.—(Iowa State Highway Commission, 
mes 

A study of the effect of varying amounts of shale in aggregates upon the 
compressive strength of 6x 12-in. concrete cylinders and the flexural strength of 
4x8x 30-in. concrete beams. 

Coated Stone as Coarse Aggregate.—(University of Kentucky, Lexington) 

A study of the effect of coated or dirty stone on strength of concrete. A 
comparison of strength of concrete made from washed, unwashed, and dirty 
stone after exposure to the weather for 28 days, 1 and 2 years. 

Effect of Stone Dust on Strength of Concrete.—(Tllinois Department of 
Public Works and Buildings, Springfield) . 

Tentative conclusion is that amounts of dust under 4 per cent (by weight 
of coarse aggregate) act as filler; increasing percentages cause decrease in 
strength. Effect greater on compressive strength. 

Effect of Dust Coating on Stone.—(Michigan State Highway Department, 
Ann Arbor) 

Study of variation of strength of concrete using different classes of dust 
coated stone. 
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Novaculite as Coarse Aggregate.—(Illinois Department of Public Works 
and Buildings, Springfield) 

Transverse and compression tests of specimens containing novaculite (a 
weathered chert from Southern Illinois containing large percentages of clay in 
natural state). General results unfavorable to novaculite. 

Sandstone as Aggregate for Concrete.—(University of Kentucky, Lexington) 

Tests to determine the suitability of sandstone from Bastern Kentucky as 
aggregate for concrete. Compression tests of 6x12-in. cylinders, flexural 
tests of 7x 7-in. x 4-ft. 3-in. reinforced-concrete beams and determination of 
physical properties of stone. Provided the wear does not exceed 12 per cent, 
sandstone can be used for structural work as both fine and coarse aggregate if 
properly prepared and proportioned. 

Soft Stone as Coarse Aggregate.—(Illinois Department of Public Works and 
Buildings, Springfield) 

Tests on stone of varying wear values. Some soft stones give superior 
strength due to better bond and absorption. General conclusion is that per- 
centage of wear is not an indication of strength of concrete. 

: Zinc Chats as Aggregate for Concrete.—(University of Tennessee, Knox- 
ville) 

Tests to determine the suitability of chats as fine and coarse aggregate for 
eoncrete. Chats satisfactory for concrete aggregate when intelligently used. 

Soundness Test of Rock for Coarse Aggregate.—(Wisconsin Highway Com- 
mission, Madison) 

Soundness Tests of Stone.—(Minnesota Highway Department, St. Paul) 

Soundness tests of various Minnesota stones using saturated solution of 
sodium sulphate. Fineness modulus of aggregate before and after test used 
as a measure of disintegration. Stone which showed disintegration in old 
ledges in quarry gave corresponding results in soundness test. 


WATER: 


€ Tests of Water for Mizing Concrete.—(lowa State Highway Commission, 
mes) 

A study to determine the effect of the various chemicals found in the 
natural waters of lowa on the strength of mortar briquets and cylinders. 


Investigations on Plain Concrete. 
ABRASION : 


Abrasion Tests on Mortars.—(lowa State Highway Commission, Ames) 
_A study of standard Deval abrasion tests on the mortar portion of the 
various concrete mixes used in highway work. 


ABSORPTION : 


Absorption Tests of Concrete at Different Ages.—(Michigan State Highway 
Department, Ann Arbor) 
: Determination of capacity of concrete to take up moisture at different ages. 


ACCELERATORS: (see Admixtures) 


ADMIXTURES : 


- nee of “Cal” on Certain Properties of Cement.—(Drexel Institute, Phila- 
delphia 

Tests on 5 domestic brands of cement, 1 foreign and a blended cement 
using admixtures of 0, 3, 5 and 8 per cent of “Cal.” Storage temperatures 70, 
55, 43 and 32 deg. F. Tests included determination of time of set, strength of 
neat cement in tension, strength of cement mortar in tension, compressive 
strength of machine-mixed concrete, modulus of elasticity and flowability. 
eee effect of air and damp curing and effect of “Cal” on lumnite cement 
studied. 

Effect of Admiztures of Calcium Chloride on Transverse Strength of Con- 
crete.—(Dow Chemical Co., Midland, Mich.) 

A study of the influence of varying amounts of calcium chloride when 
used as an admixture on the transverse strength of concrete of good quality 
Bleced and cured at low and at normal temperatures. Tests made on 6x 12x 
6-in. concrete beams at ages up to 1 year. Six different brands of cement used. 
_ Efficiency of Calcium Chloride as an Accelerator and Curative Agent when 
Used as an Admizture.—(Pennsylvania Highway Department, Harrisburg) 

Tests to determine whether calcium chloride when used as an admixture in 
concrete can replace the usual curing method, reduce the curing time and 
accelerate the hardening of concrete road slabs. Concrete for specimens mixed 
in a 1-bag mixer. Transverse and compressive ‘strength tests made at 7, 14 
and 28 days, and 3 months. 
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Diatomaceous Earth as an Admiature for Concrete.—(University of Cali- 
fornia, Berkeley 

A study of the effect of diatomaceous earth on the strength and other 
properties of concrete. 

Mu =" of Miving Diatomaceous Earth with Cement.—(University of Idaho, 
oscow 

Tension tests of 1:3 standard Ottawa sand briquets at 7 and 28 days in 
which the cement was popaces with 0 to 40 per cent by weight of diatomaceous 
earth. Data of tests published in The Idaho Engineer for December, 1925. 

Effect of Addition of Celite to Limestone Screenings.—(Virginia State High- 
way Commission, Richmond) 

Compression and absorption tests of 2 x 4-in. cylinders of 1:3 mortar made 
from limestone screenings with addition of celite up to 6 per cent. Tests made 
on 3 samples of screenings which contained different amounts of dust. 

Effect of Small Additions of Soluble Silicates on the Setting of Portland 
Cement.— (Philadelphia Quartz Co., Philadelphia, Pa.) : 

Effect of Sugar on Tensile Strength of Cement Mortar.—(Michigan State 
Highway Department, Ann Arbor) - 

Tests of standard sand mortar briquets containing varying percentages of 
sugar. 

Effect of Powdered Tufa in Conerete Exposed to Sulphate Waters.—(Cali- 
fornia Institute of Technology, Pasadena) 

To determine whether additions of powdered tufa to concrete mixtures will 
prevent disintegration of concrete in waters containing sodium sulphate and 
magnesium sulphate. 3x 6-in. cylinders were alternately soaked in 4 per cent 
solution of an equal mixture of sodium sulphate and magnesium sulphate for 
12 hours and then dried in air for 12 hours. After 6 months this process was 
discontinued and the specimens were left standing partly submerged in a con- 
centrated solution of the same salts. Additions of finely ground tufa retard the 
disintegration of concrete in solutions of sodium and magnesium sulphate. 

Study of Unit Weight of Powdered Matcrials.—(Structural Materials Re- 
search Laboratory, Chicago) 

These tests are being made in co-operation with A. S. T. M. Committee C-9 
on Concrete and Concrete Aggregates for the purpose of obtaining data on 
which to base a standard method for determining the unit of powdered materials 
which are used or likely to be used in concrete. The investigation included 5 
methods, using hydrated lime, powdered talc, pulverized oil shale, “‘Cal,” celite, 
gypsum and cements of different types. 

AGE: 

Effect of Age, Curing and Weathering on the Strength of Concrete. 
(Structural Materials Research Laboratory, Chicago) 

An investigation of the compressive strength of 6x12-in. cylinders and 
flexural strength of 7x 10x 38-in. concrete beams at ages of 28 days to 15 
years cured under different conditions. In order to determine the effect of 
exposure to weather on strength at different seasons of the year, the making 
$f past of the specimens was repeated in the months of April, July, October and 

cember. 

Long Time Teste of Concrete.—(University of Wisconsin, Madison) ; 

Study of effect of age of air and of water storage on the crushing strength 
of concrete made of different cements and different aggregates. Tests of crush- 
ing strength and expansion for ages up to 2 vears have been completed. Crush- 
ing tests made on 6 x 12-in. cylinders of 1:1%:3, 1:2:4 and 1:3:6 machine- 
mixed concrete of medium and sloppy consistency. Concrete made from 4 differ- 
ent grades of portland cement using crushed dolomite, crushed granite and gravel 
as coarse aggregate. Specimens cured in dry air of laboratory and out-of-doors. 
1760 cylinders made for test over a period of 100 years. Includes auxiliary tests 
and expansion tests of concrete; also freezing and thawing tests at 28 days. 

Effect of Age on Compressive Strength of Concrete-—(New Mexico State 
Highway Department, Las Cruces) 

Studies of the effect of age on compressive strength of concrete of various 
mixtures and consistencies. Three mixtures were designed to represent 3 degrees 
of compressive strength at 28 days, viz., 1,500 Ib., 2,500 Ib., 3,000 Ib. One hun- 
dred 6x 12-in. cylinders are being made at various consistencies for each mix- 
ture and will be tested at ages of 7, 28 and 90 days. 


AUTOGENOUS HEALING: 


Autogenous Healing of Concrete.—(University of Colorado, Boulder) 
An incidental investigation to obtain more of a quantitative measure of this 
phenomenon than seems to be now available. 


COLORING: 
Testa of Portland Cement Colors.—(Structural Materials Research Labora- 
tory, Chicago) 
These tests are intended to furnish information regarding the relations 
between the chemical composition of coloring materials and their permanence 








Report oF CoMMITTEE E-3 ON RESEARCH. 687 


in portland cement mortars, their tinting power and their effect on the strength 
and other qualities of cement mortars. Samples of 280 colors have been received 
from 35 manufacturers. The investigation will include chemical and physical 
tests on the colors and strength and exposure tests (on roof and in dark base- 
ment) on cement mortars in which the colors are used. A study will also be 
made of methods of incorporating the cvlors in the mortars. 


CONSISTENCY: 


Studies of Methods for Determining the Consistency of Cement Concrete and 
Mortar.—(U. S. Bureau of Public Roads, Washington) 

Extensive laboratory and semi-field tests for the purpose of determining the 
most satisfactory method of measuring of consistency of portland cement con- 
crete. Comparative tests have been made using the slump test, the flow test 
and a special device known as the plate test developed by the Bureau. All of 
these tests have been conducted with a view of developing a method which will 
control the water-cement ratio and therefore the strength of the concrete. See 
“A New Test for Consistency of Paving Concrete,” by Jackson and Werner, p. 
204, 1925, Proceedings, A. 8. T. M. 

A Study of the Relation between Cuosteienty and Strength of Portland 
Cement Concrete.—(Texas A. & M. College, College Station) 

A study of the relation between the strength of concrete of various mixes 
and consistencies as measured by several methods. Several mixes both of arbi- 
trary proportions and of proportions conforming to design theories used with 
varying amounts of water in order to secure different consistencies. Cylinders 
tested for compressive strength. Consistency measured by means of slump 
cone, flow table and other devices. . 

Paste-Ratio as a Criterion of Workability of Concrete.—(Structural Ma- 
terials Research Laboratory, Chicago) 

The purpose of these tests is to study the effect of the amount of cement- 
water ste on the workability of mortar and concrete mixtures. Earlier tests 
have shown that there is a relation between these factors and that the worka- 
bility is, in a degree, measured by the ratio between the absolute volume of the 
cement paste and the space in the concrete unoccupied by agere te. The absorp- 
tion of the water by the aggregate during the mixing period has an important 
effect upon the volume of paste produced. More than the usual care will be given 
in handling to prevent the loss of paste, and to the measurement of the volume 
of concrete produced for a given volume of aggregate. Supplementary tests will 
be made to determine the rate of absorption during mixing. Compression tests 
of 6x 12-in. concrete and mortar cylinders for a variety of conditions will be 
made at 28 days. 


CURING: 


P. ym dey Chloride as a Curing Agent for Concrete.—(University of Michigan, 
nn Arbor 

A study of the efficiency of calcium chloride as a curing agent for concrete 
pavements. Varying quantities of calcium chloride tried using cements of 
various degrees of seasoning; a few tests made using sodium chloride for curing. 
wi SS uae of Concrete with Calcium Chloride.—(Dow Chemical Co., Midland, 

ch. 

An invetigation of the transverse strength and resistance to wear of 
6 x 12 x 36-in. concrete beams cured with surface application of calcium chloride. 
Tests made on concrete of different consistencies using different gradings of 
aggregate and 3 different brands of cement. 

Investigations in Curing of Concrete.—(Illinois Department of Public Works 
and Buildings, Springfield) 

Study of suitability of various materials as curing agents, when used as 
surface applications and as admixtures. Tests on mortar and concrete speci- 
mens at ages of 7 days to 2 years. Strength, wear, ootting time, etc., determined. 

Relative Efficiency of Various Periods of Water Curing.—(California High- 
way Commission, Sacramento) 

A field study in which sections of pavement were cured with earth covering 
kept wet for varying periods. Cores drilled at various ages up to 1 year for 
test in compression. 

Effect of Par-Lock Coating on Hydration of Concrete.—(Santa Fe R. R. 
and Massey Concrete Products Corporation) 

Tests to determine whether this treatment will assist in retaining moisture 
in concrete to secure complete hydration of concrete in arid regions. Test cylin- 
ders coated and stored under laboratory conditions in Chicago and under field 
conditions at Barstow, Calif.; untreated cylinders made at same time and 
tested simultaneously. No appreciable effect of ccating observed. 


DAMS: 


Experiments on a Large Test Dam.—(Committee of Engineering Founda- 
tion, New York) 


Tests to be conducted on a proposed single arch type dam located 80 miles 
east of Fresno, Calif., on Stevenson Creek. 
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Dam to be first built to a height of 60 ft. and tested repeatedly under 
a variety of load and temperature conditions for about 1 year. After informa- 
tion on the 60-ft. dam has been obtained the dam will be raised in steps of 10 
ft. each to a height of about 100 ft. The dam will ultimately be raised to a 
sufficient height to cause failure if practicable. Thickness of the proposed test 
dam is 7% ft. at the base and 2 ft. above elevation 30. The span at the crest 
of the dam 60 ft. high is about 125 ft. 

In order to determine the distribution of stresses in the proposed test dam 
special arrangements are being made to measure the strains, deflections and 
temperature changes at as many points as practicable. The tests will be con 
ducted under a great variety of conditions as to loads and temperatures. At 
accessible positions the strains will be measured by strain gages or similar 
devices ; in inacessible places electric tele-strain gages will be used. Tempera- 
ture variations will be measured at over 100 points. 

Extensive laboratory tests will also be made in order to determine the 
physical properties of the concrete in the test dam. 

For tentative outline of the tests see Engineering Journal (Montreal) for 
December, 1925, p. 493. 


DURABILITY : 


Durability of Concrete.—(Hydro-Electric Power Commission, Toronto, Can.) 

A study of the factors governing the resistance of concrete to the action 
of frost and other weathering agents with the object of learning how to make 
concretes having resistance to these agents in an economical manner. Includes 
study of absorption by capillary action in concretes and mortars, freezing and 
thawing tests on small and large specimens, microscopic studies of pore distribu- 
tion in concretes using a wide variety of concretes and mortars. 

Investigation of the Causes which bring about the Gradual Deterioration 
of Concrete.—(Columbia University, New York City) 

This investigation includes a survey of the literature on the subject as well 
as numerous field inspections. A large number of samples of concrete have 

secured from structures which show incipient disintegration and are being 
investigated microscopically. 


ELASTICITY, MODULUS OF: 


Investigation of the Modulus of Elasticity of Concrete.—(Illinois Depart 
‘ment of Public Works and Buildings, Springfield) 

Observations made on corners of pavement slab under load, including deflec- 
tions and strains in —— fibers at various points. 
- — of Elasticity of Concrete.—(lowa State Highway Commission, 

mes 

An investigation of the effect of varying sand ratio, consistency and curing 
period upon the modulus of elasticity of concrete. Direct reading of deflections 
made with micrometer microscope on beam specimens. 


ELECTROLYSIS : 


Electrolysis in Concrete.—(Illinois Department of Public Works and Build 
ings, Springfield) 

Set-up made on pavement slab using continual battery current in deter- 
mining effect of calcium chloride on conductivity. 


EXPANSION AND CONTRACTION: 


B Bo mae putea Expansion of Concrete.—(University of California, 
serkeley 

Determination of the expansion and contraction of various concretes with 
change in moisture content and rate at which such expansion and contraction 
occurs; 3x 3x40-in. specimens are kept in a room especially constructed for 
the tests where temperature and humidity may be held at any desired amount. 
Contraction and expansion from conditions of oven dry to full saturation have 

determined and also the rates at which expansion takes place at various 
conditions of atmospheric moisture. 

Expansion due to change in moisture content, other things remaining equal, 
varies with cement-ratio. For the same character of aggregate and for a given 
cement-ratio, expansion is a function of the surface modulus of the aggregate. 

Properties of Plain Cement Mortars and Concrete.—(Department of Chemi- 
cal Engineering, University of Michigan, Ann Arbor) 

Studies of the properties of cement mortars and concrete considering mainly 
those factors which influence changes in volume, especially moisture and freez- 
ing. The influence of chemical composition of cement has also been studied. 

Considerable unpublished data are on hand consisting of observations on 
the expansion and contraction of neat cement mortar specimens, some of which 
have been under observation at tg og intervals for more than 20 years. Effect 
of high magnesia and high lime s been studied; also the self waterproofing 
of concrete with time. 

















REPORT OF COMMITTEE E-3 ON RESEARCH. 689 


Investigation of Expansion and Contraction of Mortars and Concrete.— 
(U. S. Bureau of Standards, Washington) 

Determination of Coefficient of Expansion of Several Non-Metallic Struc- 
tural Materials Including Portland Cement Mortars.—(Engineering Experiment 
Station, University of Nevada, Reno) 

Changes in length of specimens about 30 in. long will be measured by 
means of a special apparatus. 

Thermal Coefficient of Erpansion of Concrete.—(lIowa State Highway Com- 
mission, Ames) 

A study of the thermal coefficient of expansion of concrete made from 
different mixes. 


EXTENSIBILITY : 
Investigation of Extensibility of Concrete.—-(Purdue University, Lafayette, 


A study of extensibility of concrete and means for improving. Extensibility 
does not seem to follow the laws of strength. Surface conditions are dependent 
upon curing and exposure. Mesh reinforcement is effective in postponing the 
appearance of the first eye-visible crack; it does not seem to postpone the 
appearance of crazes. Report made to committee on Structural Design of the 
Highway Research Board, National Research Council. See “Extensibility of 
Concrete,” by W. K. Hatt, 1926 Proceedings, American Concrete Institute. 


FATIGUE: 


Fatigue of Concrete.—-(Illinois Department of Public Works and Buildings, 
Springfield) 

Application of repeated load to cantilever beams in order to determine 
endurance limit of concrete. Critical percentage of load found to be approxi- 
mately 50 to 55 per cent. Tests also made on static fatigue. 

FIELD TESTS AND CONTROL: 
ae 5 Tests of Concrete.—(Structural Materials Research Laboratory, 
Shicago 

Field tests were carried out Curing the construction of a reinforced-con- 
crete building in Chicago for the pu: pose of obtaining a record of the quality 
and the uniformity of the concrete and concrete materials going into the struc- 
ture. The tests are of particular interest in view of the new form of concrete 
specification used. This specification was based on the fact that the compressive 
strength of concrete se far as proportions are concerned is controlled by the 
water-ratio of the concrete, that is the quantity of mixing water as compared 
with the quantity of cement. ‘The different qualities of concrete were, there- 
fore, specified by stating the quantity of water to be used with each bag of 
cement. No specific reference was made to the proportions of cement and aggre- 
gate other than by general clauses as to workability. 

The tests gave valuable information on the uniformity of the concrete made 
under this type of specification. During the fall and winter months, data were 
obtained on the effect of low temperature on the strength of concrete. See 
“Use of Water-Ratio Specification in the Construction of Portland Cement Asso- 
ciation Building,” by McMillan and Walker, 1926 Proceedings, American Con- 
crete Institute. 

Control of Concrete by Water-Cement Ratio in Field Operations.—(Barney- 
Ahlers Construction Corp., New York City) 

Study of method for economical control and production of concrete of uni- 
form strength. Includes analysis of aggregates, tests for moisture cement, 
control of water-cement ratio. Tests made on various aggregates using same 
water-cement ratios. Apparatus used includes the “Ahlers” concrete strength 
regulator, field apparatus for determining moisture content of aggregate, etc. 
Water-cement ratio a success in field control; concrete should be specified by 
water-cement ratio. See “New Experiences in Concrete Control,” by John G. 
Ahlers, 1926 Proceedings, American Concrete Institute. 

An Investigation of the Accuracy of Field Methods of Proportioning.— 
(Illinois Department of Public Works and Buildings, Springfield) 

Tests made at various pavement proportioning plants using a “Void Bulk 
Meter” apparatus for checking volume, gradation, voids, unit weight and com- 
paction of aggregates during handling and bulking of fine aggregates. Deter- 
minations made on full size batches as proportioned by concrete plants. 


FLOW : 
Flow of Concrete Under Continued Stress.—(University of California, 
Berkeley) 


A study of the plastic deformations which occur with time in concrete 
cubjected to pure compressive stresses. Specimens are 6 x 24-in. cylinders. The 
desired compression is maintained by means of car springs. Deformations are 


measured with a Berry strain gage. Half of the specimens are kept in air dry 











690 REPORT OF COMMITTEE E-3 ON RESEARCH. 


condition, remainder are kept completely saturated with water. Specimens kept 
in specially constructed rooms wheree the humidity and temperature can be 
maintained constant. 

Plastic Flow of Concrete.—(Engineering Experiment Station, Ohio State 
University, Columbus) 

Study of the amount of flow that occurs in concrete. Tests at various ages 
using different aggregate materials, mixes, consistencies and curing conditions. 
Deformation measurements made on 4 sides of 4x4-in. prisms using 20-in. 
Berry strain gage. Data so far available indicate that plastic flow occurs; that 
there is considerable effect from age; that the early flow is the important flow 
and that there is little short time flow after one year. 


FRICTION, COEFFICIENT OF: 


Coefficient of Friction between Earth and Concrete Slabs.—(lowa State 
Highway Commission, Ames) 

Determination of the coefficient of friction of a concrete slab moving from 
rest .and in motion on various types of subgrade soil; 24 x 24x 48-in. concrete 
slabs cast on ground and pulled with hoist; pull measured by spring 
dynamometer. 


FREEZING AND THAWING: 


Effect of Type of Concrete on Resistance to Repeated Frost Action.—(U. 8S. 
Bureau of Public Roads, Washington) 

An extensive series of tests for the purpose of determining what relation, 
if any, exists between the resistance of concrete to repeated frost action and 
the various physical properties of the coarse aggregates used therein. Trap 
rock, limestone, sandstone, gravel, and blast furnace slags.of widely varying 
characteristics were used. 


GRADING OF AGGREGATE, EFFECT OF: 


A Maty of Concrete Mude with Various Gradings of Sand and Gravel.— 
(Purdue University, Lafayette, Ind.) 

A study of the relative value of fine and coarse sand with respect to 
strength and yield, taking into account the ordinary conditions and variations 
in moisture in the ogerents. 

road of Varying the Quantity of Sand in Aggregate.—(Iowa State High- 
way Commission, Ames) 

A study to determine the effect of varying ratios of fine and coarse aggre- 

te in concrete mixes upon strength and resistance to wear; 6x12-in. cyl- 
nders, 4x 8x 30-in. beams and wear blocks were subjected to the usual tests. 
Specimens were made both in the field and in the laboratory. 

Effect of Grading of Coarse Aggregate on Strength of Concrete.—(lowa 
State Highway Commission, Ames) 

A study of the effect of grading of coarse aggregate upon strength of con- 
crete made from different proportions. Strength tests were made on 4x 8 x 30-in. 
and 8 x 8x 30-in. beams, and on 6x 12-in. cylinders. 

Gradation of Concrete Aggregates.—(Illinois Department of Public Works 
and Buildings, Springfield) 

Tests to determine effect of various combinations on strength of concrete. 


IMPACT: 


A Comparison of Static and Impact Strains in Conerete.—(Johns Hopkins 
University in co-operation with U. S. Bureau of Public Roads) 

Determination of impact modulus of rupture 6 x 8-in. plain concrete beams 
220 days old loaded statically at the third points. Unit deformation measured 
at 6 levels on each side of beam, also deflection at center. Modulus of rupture 
determined by upward shift in neutral axis and by sharp change in direction of 
load-fibre strain curves. The pocstes is repeated for impact loads using 5 differ- 
ent cushioning media under the falling weight in an attempt to vary the time 
duration of the load application. Apparatus consists of special impact testing 
machine. “Goldbeck” graphic strain gage for measuring unit deformations, 
1/10,000 Ames dial for measuring deflections and a special coil spring acceler- 
ometer calibrated against time-space curves for measuring force of impact. 
fela Impact Tests.—(Illinois Department of Public Works and Buildings, Spring- 
e 

Impact loads have been calculated at varying wheel loads, speeds and 
height of drop or rise, in terms of equivalent static load. 


JIGGING AND VIBRATION : - 

Effect of Jigging on the Strength of Concrete.—(University of California, 
Berkeley) 

A study of the effect of jigging fresh concrete for various lengths of time. 
About 600 cylinders of various water-cement ratios and from various types of 
aggregates have been tested. Cylinders of fresh concrete are jigged on a table 
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for which the beight of drop and rate of vibration may be regulated. Periods 
of jigging ranged from 5 minutes to 6 hours. 

Effect of jigging depends almost entirely upon the gradation of the aggre- 
gate. With a weil-graded aggregate, conforming closely to Fuller’s ideal curve 
but with a small excess of fines, there is a consistent increase in strength with 
jigging up to about 3 hours. This is true regardiess of the water-ratio, but 
the increase in strength is greater in dry than in wet mixtures. With a poorly 
graded aggregate the strength decreases with the time of jigging, and with the 
wet mixes a decided separation occurs after a very short period of jigging. 

A Study of the Vibrolithic Process of Finishing Concrete Pavement Slabs.— 
(Iowa State Highway Commission, Ames) 

An investigation to determine effect of the vibrolithic process as applied 
to the finishing of concrete pavement slabs. ‘Ten 7 x 75 ft. x 8 in. concrete slabs 
built under as near field conditions as possible. Slabs divided into 750 " 
12 in.x8 in.x7 ft. Transverse tests made on beams and compression tests on 
eores drilled from beams after transverse tests. 

An Investigation of the Merits of the Vibrolithic Process in Concrete Road 
Construction.—(U. S. Bureau of Public Roads, Washington) 

Tests to determine the relative transverse strength of concrete slabs of 
different proportions constructed in the ordinary manner as compared with 
slabs constructed by the vibrolithic process. 


PAVEMENTS: 


Condition Survey of Concrete Pavements with Simultaneous Soil Survey.— 
(Michigan State Highway Department, Lansing) 

A study of the adequacy of pavement and underdrainage design; value of 
reinforcement ; history of different brands of cement; methods of finishing; con- 
struction, etc. Investigation includes survey of 208 miles of pavement and 20 
miles of subgrade. Actual surface of all pavements sketched; soils mapped 
according to U. 8S. Bureau of Soils nomenclature and all types of soils tested 
in laboratory. Information concerning each project classified for purpose of 
comparison. 

Reinforcement is effective in producing concrete which is apparently stronger 
than oo concrete ; disintegration after cracking is prevented by reinforcement. 
Gravel sub-base is very suitable with adequate drainage but is actually a detri- 
ment unless thoroughly underdrained. 

Distribution of Load in a Pavement Slab.—(Illinois Department of Public 
Works and Buildings, Springfield) 

Distribution of wheel load on pavement slab determined by subgrade pres- 
sure cell readings. 

Survey to Determine the Value of Reinforcing in Concrete Pavement.— 
(Highway Research Board, National Research Council) 

Pavements in good and bad condition were compared to determine the 
relative value of different types of reinforcement. In addition to differences 
in the subgrade conditions, notes were taken on the age, mix, traffic and cross- 
section variations. Complete report available about March, 1926. A summary of 
conclusions may be obtained from Highway Research Board, National Research 
Council, Washington, D. C. 

Reinforcing Steel in Concrete Pavements.—(Iowa State Highway Commis- 
sion, Ames) 

A study of the behavior of reinforcing steel in concrete pavements; special 
attention directed to bond stress and the behavior of steel at cracks. 

Survey of Pavements to Obtain Data on Shrinkage of Concrete.—(Illinois 
Department of Public Works and Buildings, Springfield) 

Comparison of effectiveness of different methods of curing concrete pave- 
ments by survey of the number of shrinkage cracks with form after the pave- 
ment has been in use approximately 1 year. The indications are that pavement 
poe with calcium chloride shrinks much less than that cured with earth and 
water. 

Investigation of the Cause and Control of Haircracks in Concrete Pave- 
ments.—(lowa State Highway Commission, Ames) 

Study of field conditions probably causing haircracks and the duplication of 
these conditions using small-size slabs. Cracks produced almost at will. Portion 
of work published in Public Roads, August. 1925, under title “Tar Paper on Loess 
Subgrade Lessen Haircracks in Concrete Pavements,” YY R. W. Crum. 

Working of Pavements.—(Illinois Department of Public Works and Build- 
ings, Springfield) 

Experiments to determine the nature and extent of this phenomenon in- 
cluded observations over various temperature cycles. Movement at various points 
on the pavement slab was recorded. 

Investigation of Smoothness of Concrete Pavement.—(Illinois Department 
of Public Works and Buildings, Springfield) 

Survey made on pavement completed in various years with different types 
of finishing machines under different conditions of grade. Records of smooth- 
ness obtained by profilometer designed by Illinois Highway Laboratory which is 
capable of measuring depression or elevations of pavement surface within 1/20 
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of an inch. Various methods of checking surfaces with straight edge and other 
apparatus compared with proftilometer record. 


POISSON'S RATIO: 


Poisson’s Ratio for Conerete.—-(University of California, Berkeley) F 

Determination of the elastic properties of concrete under axial compression 
and effect of age on these properties. Axial compression and lateral expansion 
of 6x 12-in. cylinders measured by the optical lever principle; methods employed 
are a modification of those reported by A. N. Johnson in the 1924 A.S. T. M. 
Proceedings. Stress-strain curves for both lateral and axial deformations are 
curved lines practically from the point of beginning. The indications are that 
the stress-strain relation becomes more nearly a straight line as the age in- 
creases. Poisson’s ratio varied from about 0.12 to 0.22 with an average value 
of 0.15. There is no indication that age or strength has any appreciable effect 
on Poisson's ratio. 


PROPORTIONS: 


Economics of Concrete Mixtures.—(Hydro-Blectric Power Commission, To- 
ronto, Canada) 

Development of data whereby the probable best proportions for any given 
set of aggregates can be approximated closely in advance and also whereby the 
effect on cost of screening, regrading, or other changes in the aggregates can 
be determined so that their advisability may be judged. The same data because 
of its completeness will be available for many other studies of conerete mix 
tures. Tests cover a wide range of mixtures having different eement contents, 
consistencies and gradations of aggregates. 

Analysis of Cured Concrete.—-(lowa State Highway Commission, Ames) 

A study of various methods for determining the cement content and the 
proportions of aggregate in cured conerete. Mechanical separation, chemical 
analysis and microscopic observation and measurement were used on prepared 
specimens wherein all the constituents were accurately known. 

Determination of Proportions of Hardened Concrete.—(U. S. Bureau of 
Public Roads, Washington) 

This investigation includes a limited study of the possible methods of de- 
termining the proportions of hardened concrete from chemical analysis. 

Application of Chemical Analysis to Determination of Causes of Defective 
Concrete.-(Dow Chemical Co., Midland, Mich.) 

A study to develop and apply methods for chemical analysis of concrete 
which will aid in determining the conditions prevailing at time of installation. 
Analyses made on samples of known proportions as well as on field specimens. 

Proportioning Concrete.—-(Washington University, St. Louis) 

Twenty-eight day compression tests on 6x 12-in. cylinders. Concrete pro 
ortioned by theories advanced by Edwards, Abrams and other investigators 
?rincipal panpses to study the application of suggested methods for scientific 
proportioning to materials common to the St. Louis district. 

A Study of Abrama’ Method of Proportioning.— (Carnegie Institute of Tech 
nategy Pittsburgh) 

pplication of Abrams’ theory of proportioning to Pittsburgh aggregates. 
Proportions determined for 2,000- and 3,000-lb. concrete using Allegheny River 
gravel and fine and coarse Allegheny River sands. Study was also made of effect 
of height of drop of aggregates on their weight per cu. ft. in order to determine 
relation between the rodded volume and the volume in the batches. 1,670 Ib. 
and 2,840 lb. per sq. in. obtained for concrete designed to have compressive 
strength of 2,000 and 3,000 Ib. per sq. in., respectively. 

Testa of Miscellaneous Agaregates in Concrete of Conatant Water-Cement 
Ratio,—-(Structural Materials Research Laboratory, Chicago) 

Tests made using a variety of fine and coarse aggregates in order to de 
termine the feasibility of specifying proportions for concrete in terms of 
water-cement ratio and workability only, allowing the quantities of aggregates 
to be controlled by these factors. 


PRESSURE: 


Effect of Pressure During Setting on Strength of Concrete and Cement 
(Engineering Experiment Station, Virginia Polytechnic Institute, Blaeksburg) 

Tests to determine strength and porosity due to pressure during setting 
Specimens subjected to hydraulic pressure in pressure drum about 12 in. in 
diameter and 3 ft. long; none of mixing water squeezed out. Specimens placed 
in polished brass tubes and sealed off at each end by leather cups. 
cit pieos of Pressure on Setting of Concrete,—-(University of Iowa, Iowa 
Aly 

Determination of the possible difference in strength which may exist in 
concrete poured in high columns. Concrete allowed to set under various pres 
sures applied in testing machine. 
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SEA WATER: 

Tests of Concrete in Sea Water.—(Navy Department, Bureau of Yards and 
Docks, Washington) 

Determination of effects of sea water on concrete using various kinds of 
cement, stone and gravel, various mixtures and various methods of surface 
treatment of concrete. Tests being carried out at Portsmouth, N. H. (similar 
tests under way at Pearl Harbor, T. H.). Thirty-five specimens 14x 14 in. by 
18 ft. were made; 20 completed in fall of 1924, remainder in July and August, 
1925. All specimens hung in place in salt water by Oct. 1, 1925. Observations 
to be made on specimens every 6 months for a period of 15 to 20 years. Com- 

lete details concerning manufacture of specimens recorded. Purpose of tests 
s to determine the effect of sea water on various kinds of concrete from high 
alumina cement (Atlas lumnite), French alumina (fondu cement) and portland 
cement. Factors studied include effect of mix, quantity of water, length of 
time of immersion in sea water; effect of using crushed stone and gravel as 
aggregate ; effect of celite and trass as lubricators and of calcium chloride as an 
accelerator; also the effect of sea water on various specimens which have been 
given different surface treatments for protection. 

Standard concrete cylinders were made from all specimens and tested at 
various ages and considerable data are available as to the comparative strengths. 
The behavior of various specimens during setting, especially those from lumnite 
and French alumina cements has been observed. In general, the data which are 
now available are preliminary and deal more with the details and descriptions 
followed in making the specimens. No real data as regards the effect of sea 
water will be available until observations have been made for some years to 
come. 

Tests of High Alumina Cement Concrete in Sea Water.—(Navy Department, 
Bureau of Yards and Docks, Washington) 

Actual service tests over a term of years of high alumina cement concrete 
in sea water. Structures have been built and specimens placed. Reports of 
conditions will be submitted from time to time. 

Portsmouth, N. H.—Test specimens of high alumina cement concrete im- 
mersed in sea water. 

Hampton Roads, Va.—Seaplane runway composed of precast piles and 
poured in place deck, all of high alumina cement concrete. 

Key West, Fla.—-High alumina cement concrete sheet piles and some ce- 
ment gun protective covering of high alumina cement concrete on portland 
pr oy eoncrete piles and underside of slab of quay wall, all exposed to sea 
water. 

Mare Island Navy Yard, Calif.—Various jobs around the navy yard, some 
in sea water and some on shore. 

Puget Sound, Wash.—Precast lumnite cement concrete shells for cylinders 
supporting fitting-out pier. These shells are being filled with plain portland 
cement concrete after placing. This is understood to be the largest job yet 
undertaken with high alumina cement in this country. 

Pearl Harbor, T. H.—Test specimens of high alumina cement concrete im- 
mersed in sea water. 

No conclusions drawn as to durability of high alumina cement concrete in 
sea water. Work done to date indicates need of more careful workmanship, 
better water control than is the case with portland cement concrete. 

Tests of Protective Coatings for Concrete Piles in Sea Water.—(Navy De- 
partment, Bureau of Yards and Docks) 

Tests at Charleston, S. C., to determine the efficacy of various kinds of 
protective coverings. Piles when well dried out and during loading for driving 
were painted over the extreme tidal range with 2 coats of wax tailings. Other 
piles were coated with “Tarvia A” undiluted, applied hot or with standard 
Mexican asphalt macadem binder, 60 Ib. being mixed with 10 qt. of petroleum 
spirits and the mixture applied hot. A fourth treatment consisted of 25 Ib. 
of asphalt mixed with 10 qt. of mineral spirits applied cold. Over this primer 
was applied hot undiluted asphalt. 

Tests of Protective Coatinga on High Alumina Cement Concrete in Seca 
Water.— (Navy Department, Bureau of Yards and Docks) 

Tests over a term of years to determine the efficacy of various kinds of 
protective coatings on high alumina cement concrete in sea water. Specimens 
of 1:2:3% lumnite cement concrete coated 24 hr. after making as follows 
have been placed in sea water in Puget Sound, Wash., at various depths: 

(a) A mixture of 50 per cent petrolastic cement and 50 per cent gasoline 

sprayed on cold by means of an air gun. 

(b) “Hydroproof,” a water asphalt solution. 

(ec) Water gas tar applied cold. 

(d) “Tarvia A” applied hot. 

(e) “Gilso” roofing cement applied cold. 

(f) Roofing pitch coal tar applied hot. 

(2) Wax tailings applied hot. 

th) Rosin coal-oil solution applied cold. 

(i) Two-coat work consisting of water gas tar applied cold followed by 

“Tarvin A" applied hot. 
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SHRINKAGE: 

Shrinkage of Concrete.—( University of Minnesota, Minneapolis) 

A study of the factors controlling the shrinkage and expansion of concrete 
under service conditions. Includes the manufacture and observation with strain 

of various concrete laboratory specimens as well as a study of bridges, 

dings and chimneys in service considering such factors as aggregates, 
cement, water, curing, moisture, admixtures, steam, etc. Shrinkage may be 
expected in all concrete structures built in the usual manner of standard ma- 
terials and cured normally ; expansion may occur due to moisture, etc. 


STRENGTH, COMPRESSIVE : 


Comparison of Drilled and Cast Cyiinders.——(lllinois Department of Public 
Works and Buildings, Springfield) ’ 

A tabulation of data from compression tests on both types of specimen 
yma higher strengths for drilled specimens. Considerable variation in strengths 
ound. 

Effect of Addition of Cement to 1:2: 4 Concrete.—-(Virginia State Highway 
Commission, Richmond) 

A study of the strength of a 1:2:4 mix upon adding different percentages 
of cement using gravel and crushed stone as coarse aggregate; 8 per cent celite 
used as an admixture in a few tests. 

General Concrete Investigation.—(U. 8. Bureau of Standards, Washington) 

. A study of the effect of certain factors on the strength of concrete at differ 
ent ages. 
igh Early Strength Concrete from Portland Cement.—(Structural Materials 
Research Laboratory, Chicago) 

A study of the compressive strength of 6x 12-in. portland cement concrete 
cylinders at ages of 1, 3, 7 and 28 days, 3 mo. and 1 yr., when the following 
factors, singly and in combination were varied : 


(1) Quantity of mixing water. 

(2 Quastty of cement. 

(3 Jondition of curing. 

(4) Time of mixing concrete. 

(5) Admixture of 2 per cent of calcium chloride. 


Properties of Plain Concrete.—(University of Illinois, Urbana) 

Studies of the ag ae of plain concrete and of the effect of various 
elements entering into the results. This is a continuation of the work reported 
in Bulletin 137 of the Engineering Experiment Station. 

Investigation of the Variation in Strength of Conerete._-(Carnegie Institute 
of Technology, Pittsburgh) 

A study of the variations in the strength of concrete with every factor 
influencing “qo kept constant, with ultimate object of determining strength 
dispersion as a function of the size of test specimen (6 sizes used varying from 
1 to 6 in. in diameter), age of concrete, grading of aggregate, ratio of maximum 
size of aggregate to diameter of test cylinder, etc. The variation in compressive 
strength of concrete or mortar is obtained by making and testing a number 
of multiplicate test cylinders taking every care to insure equal fabrication and 
test treatment. Data studied by means of the mathematical thecty of statistics. 

The compressive strength dispersion for a given concrete (mix) was found 
to be a function of the diametrical size of the test specimen and to be also 
dependent upon the size of the largest aggregate in the mix. The safe working 
stresses for concrete, as have been shown to be dependent upon the strength dis 
porsten. are shown to vary with the specimen diameter and to be usually higher 
han those accepted by the codes. 

Strength and Modulus of Elasticity of Conercte.-(Engineering Experiment 
Station, Iowa State College, Ames) 

A study of the compressive, tensile, and flexural strength of concrete and 
the modulus of elasticity in tension and compression. 


STRENGTH, FLEXURAL: 


A Comparison of Tranaverse and Compressive Strength.—(Minois Depart 
ment_of Public Works and Buildings, Springfield) 
is study includes tests on compression specimens drilled from beams 
which had been tested for transverse strength. Both gravel and stone aggregates 
with various gradations within the Dlinois Highway Specifications were used. 
See “Transverse Testing of Concrete” by Clemmer and Saraneal, 1926 Proceed 
ings, American Concrete Institute. 
Transverse Tests of Conerete Beams of Different Siccs.—-(Pennsylvania 
Highway Department, } erribere) 
Tests to standardize a method of making transverse tests of concrete. 
Beams of different depths and widths tested as cantilever and as simple beams 
at ages of 14 days to 3 months and moduli of rupture compared. 
Modulus of Rupture of Concrete Beams.——(Ilowa State Highway Commis 
sion, Ames 
study of the effect of size and shape of test beam upon the modulus of 
rupture; 4x 8x 30-in. and 8x 4x 60-in, beams tested on different span lengths 
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Studies of Method of Loading in Ilexural Tcsts of Concrete.—(Structural 
Materials Research Laboratory, Chicago) 

These tests are being carried out in co-operation with A. S. T. M. Committee 
C-9 on Concrete and Concrete Aggregates, and consist of a study of methods 
of making flexural tests of concrete in order to determine the size and shape of 
beam and the method of loading which will give most uniform and satisfactory 
results. The investigation covers: 


(1) Study of effect of varying ratio of depth to width and span on modulus 

of rupture ; 

(2) Comparison of three methods of loading on modulus of rupture: (a) 

center load, (b) 1/8 point load, (c) cantilever load; 

(3) Study of effect on modulus of rupture of varying distances between 

support and thrust bearing in cantilever beam test ; 

(4) Parallel compression tests of concrete cylinders, 

STRENGTH, TENSILE: 

Investigation of Tensile Strength of Concrete.—(University of Maryland, 
College Park) 

Study of the tensile strength and elastic behavior of concrete under tension 
using special tension specimens and pe pe lateral and longitudinal deforma- 
tions in concrete measured by means of special mirror apparatus. 

Tension Tests of Concrete Cylinders.—(Structural Materials Research Lab- 
oratory, Chicago) 

An investigation to determine the strength of concrete in direct tension, 
using 2, 6 and 10 in. diameter cylinders 3 diameters long, and 6 in. diameter 
cylinders 12, 18 and 30 in. long. Special tension grips used for holding speci 
men during test. Among the factors studied are: (1) size, grading and type 
of aggregate; (2) quantity of cement; (3) quantity of mixing water; (4) age 
of concrete; (5) curing of concrete; (6) area in tension; (7) length of specimen. 

The investigation includes a study of the relation of the strength of con- 
crete in direct tension to compressive strength of 6x 12-in. concrete cylinders 


and flexural strength of 7 x 10 x 38-in. conerete beams for a variety of conditions 
of test. 


SULPHATE SOILS AND WATERS: 


Tests of Concrete Exposed to Sulphate Soils and Waters.—(Structural 
Materials Research Laboratory, Chicago) 

This investigation was begun in 1921 and includes field tests on 10 x 24-in. 
concrete cylinders, 1,000 each exposed to sulphate soil at Montrose, Colo., and 
to sulphate water at Medicine Lake, South Dakota, and a smaller number at 3 
different sites in western Canada. About 6,000 4x 8-in. concrete cylinders 
exposed to various sulphate solutions at Lewis Institute, Chicago. Studies are 
belng made of the effect of the following factors on the resistance of concrete 
to attack by sulphate soils and waters; consistency of concrete, size and grading 
of aggregate, type of aggregate, quantity and composition of cement, powdered 
admixtures, integral water and alkali-proofing compounds, surface coatings, age 
and curing conditions of concrete. A comparison of results of field and labora 
tory tests is being made. 


Investigations of Concrete Exposed to Alkali and Peat Soils and to Alkali 
Water.—-( University of Minnesota, St. Paul, in co-operation with Minnesota 
Department of Drainage and Waters and the U. 8S. Bureau of Roads) 

Studies and tests of experimental cylinders of many different types of con 
crete exposed to artificial sulphate solutions in the laboratory. Experimental 
drain tile and cylinders have been made and exposed to various field conditions 
in Minnesota, North Dakota, South Dakota and Wisconsin. Progress reports on 
these investigations appear in 1924 Proceedings, A.S.T.M.; in Conerete for 
June, 1924, and October, 1925; in Public Roads for June, 1924, and October, 
1925. 

Effect of Sulphate Soile and Waters on Portland Cement and Concrete. 
(University of Saskatchewan, Saskatoon, Can.) 

These investigations include both laboratory and field studies and have 
been under way for several years. The tests are being carried out under the 
auspices of a research committee of the Engineering Institute of Canada with 
the financial support of the Research Council of Canada, Canada Cement Co., 
Canadian Pacific R. R. and the three prairie provinces of Canada. Reports on 
data so far available were published in /ndustrial and Engineering Chemistry 
for May and June 1925, and in the Hngineering Journal for Feb., 1926, 


SULPHUR IMPREGNATION : 


Effect of Sulphur Impregnation on Concrete.—(Yale University, New 
Haven) 
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TEMPERATURE : 


Effect of Temperature on Concrete.—(Illinois Department of Public Works, 
Springfield) 

Studies on conductivity of heat, temperature gradient, stresses due to tem- 
perature, coefficient of expansion, etc. Special beams with methods of heating 
and cooling. Work also conducted on pavement slabs and special slabs. 

, ear” of Low Temperature on Concrete.—(University of Kentucky, Lex- 
ngton 

A study of the effect of keeping concrete cylinders frozen for 14 days at a 
temperature of 8 deg. F. and then curing at about 70 deg. F. until tested at 
28 days. Freezing as soon as mixed reduced strength 40 per cent; freezing 
after 24 hours reduced strength 37 per cent. See Concrete Products, v. 28, 
p. 56, March, 1925. 

Effect of Temperature on Early Strength of Concrete.—(New Mexico State 
Highway Department, Las Cruces) 

An investigation on the effect of temperature on the early strength of con- 
crete of different mixtures and consistencies. The operation of mixing and 
curing specimens carried out under different conditions of atmospheric tempera- 
ture. he range in temperature noted by means of a recording thermometer 
and the effect of different temperatures on the early strength of 6x 12-in. cyl- 
inders studied. 


TEST METHODS: 


Sources of Variability in Compressive and Tensile Test Results.—(Univer- 
sity of Colorado, Boulder) 
Includes study of: 


(a) Factors in the making of specimens. 
1. Effect of time between first mixing and placing in molds. 
2. General technique of making. 
3. Several cylinders vs. single cylinder batches. 
(b) Storage. 
1. Fresh vs. still or stagnant water. 
2. Delayed storage. 
3. Removed before test. 
4. Intermittent wetting. 
(c) Testing. 
1. End condition. 
2. Rate of applying load, ete. 


See “Effect of Varied Curing Conditions Upon the Compressive Strength of 
Mortars and Concretes,” by Herbert J. Gilkey, 1926 Proceedings, American Con- 
crete Institute. 

Methods of Capping Test Specimens.—(University of Kentucky, Lexington) 

A study of methods of capping test specimens which included capping with 
cement, Beaver board, plaster of paris and sheet lead. Tests showed that a 
perfect neat-cement cap was superior to plaster of paris by 20 per cent, to a 
troweled surface by 40 per cent, to Beaver board by 45 per cent and to sheet 
lead by 50 per cent. 

Effect of Type of Cap on Results of Compression Tests of Concrete.— 
(Illinois Department of Public Works and Buildings, Springfield) 

This investigation includes a study of different capping materials of varying 
thicknesses for different end conditions of specimen. 





WATERPROOFING AND PROTECTIVE TREATMENTS: (See also Sea Water) 


Tests on the Efficiency of Penetrative Treatments for Waterproofing Con- 
crete.—(University of Wisconsin, Madison) 

Comparison of the leakage through concretes of various densities before and 
after treatment with various common penetrative surface treatments for water- 
proofing and determination of the weathering properties of such treatments. 
Yreliminary tests made on 15 common types of surface treatments. There 
appears to be a wide difference in the efficiency of the various treatments tried. 
Work now being done on development of a more satisfactory type of apparatus 
in order to determine more definitely the relative efficiency of the different 
surface treatments. 


YIELD : 


Yield of Concrete.—(lllinois Department of Public Works and Buildings, 
Springfield) 

Yield determinations made in laboratory using proportions and gradations 
of aggregates found in investigation of field proportions with the “Void Bulk 
Meter.” Includes a study of the effect of variation in gradation of aggregates 
which meet the specifications on yield of concrete. 


Pie ee ee 
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Investigations on Reinforced Concrete. 


ARCHES : 


Tests of Skew Arches.—(U. 8S. Bureau of Public Roads, Washington) 

In order to measure experimentally the distribution and intensity of abut- 
ment reaction in skew arches, a series of tests has been conducted on concrete 
arches, one-fourth actual size, constructed on 30 deg., 45 deg., and 60 deg. 
skews. The arches were tested under a uniform load applied through 42 sym- 
metrically placed loading points on the arch ring. Abutment reactions were 
measured by means of the soil pressure cells developed by the bureau, which 
were so placed as to take both the vertical and horizontal reactions at one end 
of the arch. (For progress report see Public Roads, Nov., 1925.) 

Test of Skew Arch Models.—(Princeton University, Princeton, N. J.) 

Tests to determine completely the abutment reactions for all load conditions 
using 4 hard rubber arch models made to 30 deg. and 60 deg. skew of same 
proportions as those tested by U. 8S. Bureau of Public Roads. Methods employed 
similar in principle to those ‘described in January, 1925, Proceedings of the Am. 
Soc. of C. E. Special apparatus employed for deforming arches by foundation 
movements ; measuring microscopes used to read arch deflections. 

Investigation of Concrete and Reinforced-Concrete Arches.—(Special Ps al 
mittee on Concrete and Reinforced-Concrete Arches of the Am. Soc. of C. E.) 

This committee is carrying out extensive studies on arches under construc- 
tion and elaborate tests of laboratory models. Field work on bridges at Con- 
neaut, Ohio, and Danville, Illinois, has been completed and the results are being 
studied. A number of other projects are under way or in contemplation. Ex- 
tensive tests of concrete model arches have been conducted and are under way 
at the University of Illinois. The committee is planning to design a multiple- 
arch reinforced-concrete bridge for testing purposes. 


BEAMS: 


: Investigation of Reinforced Concrete.—(U. S. Bureau of Standards, Wash- 
ngton) 

(a) Shear tests of reinforced-concrete beams. 

(b) Tests of reinforcing bars rolled from new billets and scrap steel. 

Stresses in Web Reinforcement in Reinforced-Concrete Beams.—(University 
of Illinois, Urbana) 

Numerous tests have been made in recent years to determine the stresses 
in web reinforcement in reinforced-concrete beams. 

Stresses in Stirrups in Reinforced-Concrete Beams.—(Washington Univer- 
sity, St. Louis) 

A study of the value of present formulas for stirrup design. Stresses in 
stirrups determined by means of Berry strain gage using 2-in. gage length and 
comparison of observed stresses made with theoretical stresses. Relatively small 
beams used with loads at maggag oints. Little or no stress observed in the 
stirrups under working loads. ter concrete has failed in diagonal tension, 
stresses localize at stirrup Shich + crosses the line of failure. 

Construction Joints in Reinforced-Concrete Beams.—(University of South 
Dakota, Vermillion) 

Comparison of the relative efficiencies of commonly used methods. Pre- 
liminary study made of tests on 100 beams. Vertical and 45-deg. joints at 
center and at % points of beam were tested using six different methods of 
bonding. Best type of joint is a combination of vertical plane on compression 
side and a 45-deg. plane on tension side; brushing with neat cement and using 
retempered concrete after scrubbing old face gave good results, the failure breaks 
nee occurring at joints; use of 10 per cent of hydrated lime in joint mortar a 
ailure. 

Effect of Reinforcing Worn Bridge Floor Beams with Gunite.—(Engineering 
Experiment Station, Ohio State University, Columbus) 

Tests to determine whether gunite will adhere sufficiently to steel to cause 
steel and concrete to act together. Worn steel beams thoroughly cleaned and 
gunite applied on mesh and reinforcing steel; beams tested in testing machine. 


CHIMNEYS: 


Tests of a Reinforced-Concrete Chimney.—(American Concrete Institute 
Committee S-1 on Reinforced-Concrete Chimneys) 

These tests are being carried out on a 309-ft. reinforced-concrete chimney 
recently completed at Duluth, Minn., by the Universal Portland Cement Co. 
Among the factors studied are the following : 

Temperature drop through chimney walls at various heights. 

(2) Measurement, by means of strain gages, of stresses in steel and con- 

crete due to dead and wind load. 

(3) Lateral movement of chimney due to wind. 

(4) Wind velocities and pressures, 
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COLUMNS: 


Tests of the Efficiency of Certain Types of Splices Used in Reinforced-Con- 
crete Columns.—(University of Wisconsin, Madison) 

—ampeniocs of the strength and stiffness of columns reinforced with splices 
varying in length of lap with the similar properties of columns reinforced with 
unspliced rods. Includes study of the efficiency of pipe-sleeve splices in which 
the adjoining rods are butted. Thirty-six 8-in. x 5-ft. columns reinforced with 
1 per cent spiral and with 2.8 and 5.8 per cent longitudinal steel were tested. 
Length of lap ranged from 2 in. to 40 diameters. Effect of tight and loose pipe 
sleeve and of sawn and sheared ends at the splices also investigated. Deforma- 
tions in columns read over 10-in. gage lengths located at the splice and near the 
end of column. A splice with plain round bars lapped 40 diameters appears to 
be the most satisfactory of the types tested. 


Investigation of Reinforced-Concrete Columns.—(University of Illinois, 
Urbana) 

A general investigation which has been in process for several years. The 
tests are intended to bring out the effect of the amount and nature of the 
longitudinal and lateral reinforcement, the effect of age of concrete, the effect of 
length of column and of shrinkage, eccentric loading, splicing, and of a variety 
of rig d factors. Considerable data have been accumulated and gaps are being 

n. 


an Arad of Reinforced Concrete Columns.—(University of Pennsylvania, Phila- 
elphia 

Comparison of strength of 12 x 12-in. x 15-ft. columns made under field con- 
ditions by the Turner Construction Co. from slag, gravel and broken stone aggre- 
gate. Measurements of deformations made with 20-in. Berry strain gages under 
continued loading approximating the allowable load. Marked differences in 
modulus of elasticity noted for gage lengths at top, middle and near bottom of 
columns ; lowest vaiues of modulus of elasticity observed at top of column. 


PILES: (See also Sea Water) 


Concrete Piling Investigation.—(Board of Harbor Commissioners, city of 
Los Angeles) 

An extensive investigation covering laboratory tests of concrete and field 
tests of Raymond, Conzelman, duocrete and gunite concrete piles which have 
been suggested for use in connection with construction work of Los Angeles 
harbor. The tests included density and absorption tests on 6x6x12-in, con- 
crete prisms; permeability tests on 7x 12-in. concrete cylinders; compression, 
repeated load and static tests on 6x12-in. concrete cylinders; modulus of 
elasticity tests on 6x 24-in. hexagonal concrete prisms; bond tests of both 
smooth and deformed square and round steel bars embedded in 6-in. concrete 
cubes ; transverse tests on 14x 14in. x 14 ft. reinforced-concrete beams; driving 
tests of full-size concrete piles 40 ft. in length. Careful inspection.made of 
concrete piling driven approximately 13 years ago in Los Angeles harbor. 
Complete details of investigation are given in report by W. R. Sadler, chief 
chemist, Los Angeles Harbor Department, Noy. 20, 1925. 


PIPE: 


Effect of Concrete Cradles on the Cracking Strength of Highway Culverts.— 
(Iowa State College, Ames) 
study of the effect of various types of plain and reinforced-concrete 
cradles on strength of concrete culvert pipe 24 to 84 in. in diameter. Field 
work completed. Data soon to be published. 


SLABS: 


Effect of Width of Reinforced-Concrete Slab on Unit Shearing Strength. 
(University of North Dakota, Grand Forks) 

Determination of the relation between the width of réeinforced-concrete 
slab and the load which will cause failure in shear (or diagonal tension). 

An Investigation of Steel I-Beams as Reinforcement for Concrete.—(McGill 
University, Montreal) 

Investigation completed and in process of publication. 


GENERAL: 


Study of the Nature of the Resistance of Concrete to External Forces. 
(University of Illinois, Urbana) 

This research involves tests of concrete restrained laterally by spirals and 
also subjected to external pressure in two directions. 
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Parr 1[—SuGGrstep RESEARCHES ON CONCRETE MATERIALS, 
PLAIN AND REINFORCED CONCRETE. 


CEMENT: 

Development of a suitable test to replace the present normal consistency test 
of cement. 

Improvement of method of compacting mortar cylinders. 

Quicker and more uniform tests on portland cement. 

Early strength portland cement and laboratory tests for the same. 

The relative value of portland as compared to high alumina cement. 

Studies of the strength relations, durability and long time tests of new 
special cements under various conditions, 

AGGREGATES: 

Relative value of the various grades of slag for coarse aggregate as com- 
pared with crushed stone or gravel. Also value of using prewet or saturated 
porous aggregate such as slag and cinders compared with the same dry aggre- 
gate. Methods of determining quality of slag aggregates. 

Development of light-weight concrete for fire-proofing, steel bridge floors, 
roof slabs and for insulation. May be artificially made or made by specific treat- 
ment of natural light-weight aggregates to improve their strength. 

Method for determination of shale in sands when the specific gravity of 
shales is about the same as that of other ingredients. 

Development of satisfactory tests for aggregate. 

Rational tests for coarse aggregate—especially crushed limestone. Present 
tests mean very little. 

Ratio of dry rodded volumes of aggregates to the volume in the batchers. 

Method for accurate control of the volume of fine aggregate on highway 
construction work. 

Methods for predicting the volume of a mixture of two or more aggregates 
from the mechanical analyses of these aggregates. 

Development of standard strength tests using quick-hardening cements like 
Lumnite, in which the quality of aggregates may be known within 24 hr. and 
probable performance with Portland cement predicted. 

‘ - of Lumnite cement in making 1-day tests to determine the suitability 
of sand. 


Method for accurate control of gradation of coarse aggregate on highway 
construction work. 


Effect of variation in grading of coa:se aggregate on strength and yield of 
concrete, 


Fire resisting value of various aggregates. 

Durability of concrete aggregates as shown by soundness and by freezing 
and thawing tests. 

Relation between results of soundness tests on coarse aggregates and their 
durability in concrete. 

Effect of flat pieces of gravel on the strength of concrete. 

Effect of dust coating on aggregates on properties of resulting concrete. 

Relationship of strength of aggregate to resulting strength of concrete. 

Determination of the proportion of the mixing water which becomes a per- 
manent part of the final concrete. 

Method for accurate control of water content of concrete. 

What is safe limit of alkali salts in water used for mixing concrete? 


PLAIN CONCRETE : 


Effect of sulphates on the deterioration of concrete. 

Do surfaces subjected to multiple treatment with dilute sodium silicates 
show an improved resistance to sulphate soils? 

Determination of value of protecting coatings for concrete in sea water. 

Durability of high alumina cement concrete in sea water. 

The efficiency of integral mixtures and of surface coatings in water-proofing 
concrete, 

The abrasive resistance of concrete floor hardeners. 

The value of impregnating finished concrete surfaces with silicate solutions 
for the prevention of wear. 

Effect of high inorganic silt or clay, etc., particularly in the leaner mix- 
tures, on strength, permeability and weathering resistance of concrete; the fine 
material to be considered as part of the fine aggregate in the given mixtures, 
not as an addition to the mixtures. 

Does low uniformity in concrete contribute to cracking? 

Methods of adding to the extensibility of concrete surfaces to prevent crazes 
and other cracks that diminish the life of structures; the first thing to do is 
to study the values of unit extension under various conditions. 

Development of tests to determine durability of concrete and aggregates 
exposed to weather. 

Causes of surface checking on portland cement concrete pavements. 











700 Report oF COMMITTEE E-3 ON RESEARCH. 


Study of bo a ign of concrete mixtures and development of an improved 
method for testing consistency. 

Value of certain admixtures in increasing workability. 

Economy of the use of admixtures to secure ease of placement and greater 
uniformity. : 

Effect of calcium chloride on different cements when employed as admixture 
for curing. 

Effect of calcium chloride admixtures on reinforcing steel. 

Determination of value of admixtures such as diatomaceous earth, trass, 
ete., in rendering concrete impervious to sea water. 

Acceleration of hardening of concrete. 

Comparative volumetric changes in concrete due to moisture, when different 
coarse aggregates are used, for example, dense limestone and igneous rocks, 
porous sandstones, gravel and blast furnace slag. 

Accurate method for determining the cement content in hardened concrete. 

Autogenous healing of concrete after being ruptured. This study to include 
all conditions. 

ffect of age of concrete upon absorption. 

The relation of the absorptive capacity of concrete to its density, strength, 
watertightness, and resistance to freezing. 

Comparative strength of molded 6x12 and 8x 16-in, cylinders and cores 
from concrete slabs. 

Methods of surface treating artificial cut, cast, or faced stone to prevent 
rapid weathering, crazing, staining, etc. 

Investigation of the comparative properties (strength and impermeability) 
ef coneretes made with lumnite and portland cement. 

Study of effect of impact on different mixtures of concrete and different 
thicknesses of pavement slab. 

ect of leaching action of water on concrete; including pure water as well 
as water containing vegetable acids found in ground water. 
ti Strength of concrete bricks, with regard to their properties and specifica- 
ons. 

Influence of silt and clay content in sand on scaling of concrete roads. 

Relation of compressive strength of neat cement to strength of concrete. 

Tensile strength of concrete. 

Effect of petroleum products on concrete. 

The elimination of shrinkage in concrete. 

Ss ifications based upon actual tests for concreting in cold weather (a) 40 
deg. F’. to 32 deg. F.; (b) 20 deg. F. to 30 deg. F.; (c) below 20 deg. F.; (1) 
for concrete structures; (2) concrete pavements and bases. Should cover use 
of calcium chloride, heating water only, heating water and aggregates, methods 
of curing—temperatures and moisture conditions, methods of protecting, ete. 

Effect of steam curing of concrete under different conditions. 

Presentation of strength curves in simple form at various temperatures to 
assist in predicting future strengths. 

The effect of temperature on strength of concrete at different ages for vari- 
ous mixtures and consistencies. 

Further tests on curing of concrete pavements with calcium chloride. 

How long or what set concrete should have before surface curing with cal- 
cium chloride. 

A study of the effect of repeated freezing and thawing on concrete exposed 
to percolation by water, as in concrete tanks, arch dams, etc. 

Effect of heat upon strength of concrete. 

A study of weathering of concrete. 

Variation in strength of concrete mixed by different types of mixers. 


REINFORCED CONCRETE: 


Effect of shrinkage on bond. 

Values for bond between steel and Lumnite cement concrete. 

Study of the strength of wedge-shaped or tampering beams, as used in 
brackets, footings, retaining walls, etc. 

Investigation of the stresses developed in reinforced-concrete wing walls or 
other retaining walls of rapidly varying height. 

Improving design for more continuous and smaller elements. 

Method of protecting reinforcing steel against corrosion in plain and orna- 
mental street lighting poles: coating materials, galvanizing, cement dip, etc. 

Value of silicate solutions as a means of controlling corrosion of reinfore- 
ing rods. 

Protection of steel from corrosion. 

Combating corrosion of steel and concrete in relatively small members. 

Strength of cinder concrete; effect of sulphur content of cinders upon rein- 
forcement. 

Actual stresses in concrete domes, 

Torsional stresses in beams; for example, spandrel beams carrying eccentric 
wall loads. 

Studies of size of tension cracks necessary to affect embedded steel. 








wo nen ogee 
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Studies of required embedment of steel under various moisture and tempera- 
ture conditions. 

Exact action and effectiveness of the usual shear reinforcing. 

Study of stresses in stirrups of reinforced-concrete beams. 

Diagonal tension reinforcement in beams and girders. 

The effect of age on the strength of spirally-reinforced columns. 

Connections for reinforced rods in concrete compression members. 

Investigation as to increased cost of structures due to unreasonable demands 
in fire protection such as excessive thickness and use of special materials com- 
pared with probable annual losses due to fire damage on reinforced-concrete 
structures, 

The strength and other properties of reinforced-concrete structural units 
built up from individual concrete blocks without the use of forms. 

Relative merits of structural, intermediate, hard and rail steel reinforce- 
ment for reinforced-concrete pavements. 














APPENDIX B. 


RECENT PAPERS AND REPORTS ON RESEARCHES IN THE FIELD 
OF CONCRETE. 


Note: Papers published in the Proceedings of the American Concrete 
Institute are not included in the following list. The brief notes which 
follow several of the references reflect the views of the authors of the 
papers and do not necessarily represent the opinion of the committee. 


Part I—Papers aNp Rerorts ON RESEARCHES CARRIED OUT IN 


THE UNITED STATES AND CANADA. 
CEMENT : 


Properties and Use of Aluminate Cement, by R. L. Morrison; 
Concrete, v. 26, p. 128, April, 1925. 
Pit and Quarry, v. 9, p. 71, March 1, 1925. 
Michigan Roads and Pavements, v. 22, p. 15, Feb. 26, 1925. 
Highway Engineering and Contracting, v. 12, p. 41, April, 1925. 
Engineering and Contracting, v. 63, p. 187, May 6, 1925. 

Chemical analysis and physical tests on mortar concrete for dif- 
ferent mixes, curing conditions and consistencies at ages up 
to 83 days. Effect of addition of portland cement on setting 
time shown. 

Set of Lumnite Cement, by S. L. Meyers; 
Concrete, v. 26, p. 85, March, 1925. 
Rock Products, vy. 28, p. 49, Feb. 7, 1925. 

Chemical analysis and physical tests of Lumnite cement. Effect of 
temperature on initial set; effect of percentage of water used 
in gauging and effect of fineness of grinding on set. Effect 
of numerous acids, chlorines, bases, Teorganic salts and in- 
organic compounds on initial and final set determined. Com 
parison is made of various conditions and chemicals on set of 
Lumnite and portland cements. 

Vemperatures in High-Alumina Cement and Methods of Curing, by H. 8. 
attimore ; 
Proceedings A. 8S. T. M., v. 25, 1925. 
Engineering News-Record, v. 95, p. 64, July 9, 1925. 

High-alumina cement has compressive and transverse strengths at 
24 hr. greater than those of portiand-cement concrete at 28 
days. Wet burlap curing increases temperature during hydra 
tion and produces defective surface on high-alumina cement 
concrete, Ponding or sprinkling of high-alumina cement con- 
crete at early stages produces scaled surface. Air curing of 
high-alumina cement concrete reduces high temperature during 
hydration. 

New Testing Devices Developed ; 
Public Roads, vy. 6, p. 68, May, 1925. 

Device designed to register intensity of pressure in molding of 
cement mortar briquets. Briquets molded on scale platform. 

sneer of Cement for Modern Highway Construction, by A. T. Gold- 


Proceedings A. 8. 7. M., v. 25, 1925. 
Engineering News-Record, v. 95, p. 64, July 9, 1925. 
Service requirements, fineness, soundness test, tensile strength and 
time of set considered. 
Disintegration of Portland Cement in Sulphate Waters, by Thorvaldson, 
Harris, and Wolochow ; 
Industrial and Engineering Chemistry, v. 17, p. 467, May, 1925. 
Solutions of sodium sulphate, magnesium sulphate, and mixtures 
of these shaken with set portland cement and then analyzed. 
Procedure of tests and action of sulphates and chlorides on 
set cement discussed. 
Action of Sodium and Magnesium Sulphates on Constituents of Portland 
Cement, by G. R. Shelton; 
Industrial and Engineering Chemistry, vy. 17, p. 589, June, 1925. 


(702) 
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Describes peaperatios in pure state of major substances present 
in normal portland cement clinker, tricalcium aluminate, beta 
dicalcium silicate, and tricalcium silicate and effects of these 
constituents by solutions of sodium and magnesium sulphates 
of various concentrations. Solids only were investigated and 
changes acon about by the solutions were noted with aid 
of petrographical microscope. 

effect of Fine Grinding of Portland Cement on ards, Ju of Concrete; 
Tech. News Bull. 99, U. 8. Bureau of mir ly, 1925. 

Tests up to 10 yr. on strength of 1:2:4 and : 6 concrete made 
with cements of various SREY, REN. indicate that 
fineness of cement increases strength of concrete; all cements 
do not give same increase in strength with same increase in 
fineness ; effect of fineness of cement on strength of concrete 
diminishes with age; and 1:2:4 mix showed better increases 
in strength with same increase in fineness than 1:3:6 mix. 

Long-Time Tests of Oa ag Cement ; 
Tech. News Bull. 96, S. Bureau of Standards, April 10, 1925. 

Cc ome is | stren oe tests on 1: %:3 concrete and tensile strength 
of 1:3 standard sand briquets under different storage con- 
ditions at 6 years. 

Photometric Method for Magnesia in Portland Cement, by W. E. Hacke; 
Concrete, v. 27, p. 1 (CMS), July, 1925. 
Comparison of photometric and gravimetric methods, 


AGGREGATE : 


Grading of Aggregates, by RK. W. Crum; 
Proc. 4th Annual Meeting Highway Research Board, 1925, p. 117. 
Results of Feret, Fuller, Abrams, Edwards, and Talbot on design 
of concrete mixtures reviewed. 
nee Oe Strength Tests for Concrete Aggregate, by Slack and 
oy 
Engineering News-Record, v. 94, p. 1014, June 18, 1925. 
Quick-hardening alumina cement gives results comparable to same 
sand tested with slower hardening portlands. Tension tests 
of briquets and compression tests of mortar and concrete of 
alumina cement at 24 hr. and portland cement at 28 days 
with different sands. Tests made by Georgia State Highway 
Department. 
Soundness Tests of Coarse Aggregates, by M. O. Withey; 
Proc. 4th Annual Meeting Highway Research Board, 1925, p. 108. 
Four types of crystallization tests used for determining soundness 
of stone and clay products. Discussed (a) Freezing and 
thawing tests, (b) Sodium sulphate test, (c) Sodium Chloride 
test, (d) Alkali test. Method of making tests, details and 
results of soundness tests on various aggregates described. 


LAIN CONCRETE: 


Absorption of Concrete Water as Affected by Aparesates Its Ultimate 

Effect in Expansion of Road Slabs, by F. Lang ; 

Proc. 4th Annual Meeting Highway Research tone i925, p. 129. 

Discusses tests at Structural Materials Research Laboratory, U. 8. 
Dept. of Agriculture, University of Illinois, and Minnesota 
Highway Dept. 

New Testing Devices Developed : 
Public Roads, vy. 6, p. 68, May, 1925. 

Field apparatus for testing consistency of concrete. Cone which 
holds about 75 lb. of concrete with a movable bottom is placed 
above a scale. When the bottom is removed, the fresh con- 
crete flows on a round scale platform 15 in. in diameter. Very 
wet or very dry concrete flows off the plate. For machine- 
finished concrete the proper consistency will give the grenieet 
weight of concrete retained on the plate, ee also New 
Test for Consistency of aevres Ae aren” by , te and 
Werner, Proc. A. 8. T. M. 

Studies of Sane Conerete in a Semi-Arid C renee, ‘he Gonnerman and Mce- 


Bull. iS. Btrectural Mat. Research Lab., Lewis Institute, Chicago, 1925. 
Flexural tests of plain concrete beams at ages of 3 to 90 days in 
study of relative efficiency of 5 methods of curing. Curing 
methods included covering with wet earth and aspha itie paper, 

surface applications of flake calcium chloride and of oodles 

silicate, and air curing. Surface hardness of cured concrete 

was measured by means of a ball indentation test. Tests 
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made at Sacramento in co-operation with California Highway 
Commission. 
On Calcium Chloride for Curing, by C. L. McKesson; 
Western Highways Builder, , Ae F P. 18, Feb., 1925. 
Calif. Highways, v. 2, _ 5, a 1925. 
Sand and Gravel Bull., 6, April 5, 1925. 

Tabulation shows * heieiey of calcium chloride in curing concrete 
as determined by compression tests on 6x 6x 12-in. concrete 
prisms and 4%-in. cores from pavement. CaClh is 80 to 90 
per cent efficient and only recommended where water is scarce. 

Tests on Concrete Drain Tile; 
Engineering and Contracting, v PB 615, Sept. 9, 1925. 

Describes tests by U. S. epee 0 Agriculture, Minn, State Dept. of 
Drainage and Waters and Univ. of Minn. on concrete drain 
tile exposed to alkali soils and waters in Minnesota and Medi- 
cine Lake, S. D., three thousand 2 x 4-in. cylinders made from 
125 different types of concrete to determine which concretes 
were most resistant to alkali attack. 


Proc. Am. Soc. C. E., v. 51, 1925. 
Results of Field Tests of Bridge Concrete, a, H. D. Miller ; 
Calif. Highways, v. 2, p. 7, TY a 
Engineering News- Record, v. 95, p. 182, July 30, 1925. 
Concrete, v. 27, p. 49, Aug., 19 25. 
10- and 28-day strength tests now standard practice by California 
Highway Commission. 

Investigation of Effects of Fire Exposure Upon Hollow Concrete Building 
Units. Conducted by Underwriter’s Laboratories for American 
Concrete Institute, Concrete Products Association and Portland 
Cement Association ; 

me Report 1555 of the Underwriter’s Laboratories, Inc., May, 


Fire Resistance of Concrete Columns, by Hull and Ingberg ; 
Tech. Paper 272, U. S. Bureau of Standards, p. 677, 1925. 
Fire and Water "Engineering, 1925. 

Canadian Engineer, v. 49, p. 213, Aug. 11, 1925. 

Fire tests on 62 columns under load with wide range of concrete 
aggregates ; thickness of covering 1% to 2% in. Quartz, chert 
or granite induced spalling and cracking, while limestone or 

‘ ealeareous gravel showed little visible effects. 

Frozen Concrete, by D. V. Terrell ; 

Scraper, v. 5, p. 14, March 13, 1925 
Am. Road Builder, July, 1924. 
Concrete Products, vy. 28, p. 56, March, 1925 

Compressive strength of 1:2:4 and 1:2:3 eoncrete frozen and 
allowed to remain frozen for 14 days after setting 24 hr. and 
for 30 min. in laboratory. Specimens broken at 27 days after 
freezing period. 

Conclusions were: 

(1) Concrete having attained its final set before freezing 
added to its strength only 41.7 per cent. 

(2) Freezing of 1:2:4 concrete 14 days reduced its strength 
35. r cent. 

(3) Freezing 1:2:3 concrete 14 days reduced its strength 
35.5 per cent. 

(4) Richer mix not affected as much as leaner. 

Direct acoupenant of Poisson’s Ratio for Concrete, by A. N. Johnson; 
Pr A.S.T.M., v. 24, part 2, p. 1024, 1924. 

* “Describes mirror compressometer used in measuring deformations 
in concrete under vertical pressure. 

” Making Uniform Concrete by ee}; Sand, by R. L. Bertin; 
Engineering News-Record, v. 94, 775, May 7, 1925. 

Details and use of practical Pevice to insure same amount of water 
regardless of moisture in sand. 

Deterioration of Sheet Lead in Contact with Portland Cement Mortar and 

Concrete ; 

Concrete, v. 26, p. 33, January, 1925. 

Tests at U. S. Bureau of Standards on 6-pes. of cable imbedded in 
stiff portland cement mortar; 3 specimens coated with plain 
mortar and 3 specimens set in mortar containing 2 per cent 
of sodium silicate by weight of cement, stored as follows: air 
of laboratory, wetted occasionally ; immersed in water to with- 
in 1 in. of the top of mortar; moist air of a damp closet. 
Recommendations for use of sheet lead for shower baths and 
similar installations given. 
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Researches in Concrete, by W. K. Hatt; 
Bull. 24, Purdue Univ. Eng. Exp. Sta., Lafayette, Ind., 1925. 

Survey of researches into nature and behavior of portland cement 
concrete, Presents sequence and extent of research activity, 
reviews status of some of the important fundamental re- 
searches in unsettled fields and gives a bibliography of re- 
searches in selected fields. Results are presented rather than 
conclusions. 

Lowering Cost of Concrete in Pacific Northwest, by I. L. Collier; 
Bull. 31, Univ. of Washington, Eng. Exp. Sta., 1925. 

Yompression tests on 600 6 x 12-in. cylinders in which the amounts 
of sand, gravel, cement and water were varied. 

Status of Motor Truck Impact Test of Bureau of Public Roads, by C. A. 

Lay vow + ged : 

Public Roads, vy. 5, p. 11, Nov., 1924. 
Engineering and Contracting, v. 63, p. 54, Jan. 7, 1925. 

Study of Impact in Its Relation to Pavement Design, by G. W. Hutchinson ; 
Engineering News-Record, v. 94, p. 439, March 12, 1925. 

Resistance to impact affected by thickness of concrete slab, coarse- 
ness of aggregate and cement content. 

Impact and Static Loads of Road Slabs, 7 E. B. Smith ; 
Proc. 4th Annual Meeting Highway Research Board, 1925, p. 42. 

Resistance of road slab depends on supporting value of subgrade; 
reinforcing steel in concrete slabs adds to resistance of slab 
to impact. Impact resistance of plain concrete slab greater 
on plain subgrade. No additional strength by addition of 2-in. 
bituminous top for either impact or static loads. 

Movement of Concrete Due to Moisture, by A. H. White; 
Concrete, v. 26, p. 41, January, 1925. 

Tests on 11 specimens of neat cement, and 1-3 mortar from dif- 
ferent brands of cement. Tests included studies to determine 
effect of ageing, effect of additions of finely-ground slag and 
hydrated lime, and tests also made of 31 expansion bars from 


6 different types of synthetic cements burned in a laboratory 
kiln, 


Effect of Moisture on Concrete, by W. K. Hatt; 
Public Roads, y. 6, p. 14, Mareh, 1925. 
Proc. Am. Soc. C. E., v. 51, p. 757, May, 1925. 

National Sand and Gravel Bulletin, v. 6, p. 7, May 15, 1925. 

Investigations conducted by Eng. bxp. Sta. at Purdue University 
in co-operation with U. S. Bureau of Public Roads, for purpose 
of measuring maximum warping and surface deformation of 
concrete road slab resulting from non-uniform distribution of 
moisture as basis for estimating possible initial stresses ; effect 
of moisture changes on modulus of rupture and compressive 
strength of concrete and volume changes in concrete beams 
due to exposure and saturation studied. 

Fundamental Cause of Disintegration of Concrete, by A. H. White; 
Concrete, vy. 26, p. 157, 1925. 

Disintegration caused by volume changes due to changes in mois- 
ture content of concrete. Frost action and corrosion of rein- 
forcing steel is secondary. Expansion of neat cement bars 
stored under water after 24 hr. for 7 days to 20 yr. 

Interrelation of Longitudinal Steel and Transverse Cracks 

Roads, by A. T. Goldbeck ; 

Public Roads, v. 6, p. 117, Aug., 1925. 

Theory of Stresses in Road Slabs, by H. M. Westergaard ; 
Proc. 4th Meeting Highway Research Board, 1925, p. 60. 

Discusses corner break, deflections and stresses caused by wheel 
load at considerable distance from edge of slab, effect of 
changes of temperature, blow-up of road slab due to expan- 
sion, ete. 

Traffic Stresses Produced in Concrete Roads, by A. T. Goldbeck ; 
Proc. 4th Meeting Highway Research Board, 1925, p. 62. 

Highest tensile stresses exist along edges of slab of uniform thick- 
ness. At unsupported transverse joint, comparatively high 
tension can exist either on top or bottom of slab when wheel 
load passes over joint. Stress in interior portion of plain 
slab at some distance away from transverse point is consider- 
ably less than stress along outer edge. 

Design of Concrete Pavements, by A. T. Goldbeck ; 
Good Roads, yv. 68, p. 175, August, 1925. 

Subgrade tests, treatment, etc., expansion and contraction of con- 
crete due to moisture condition, compressive strength, modulus 


of rupture, modulus of elasticity, fatigue and tensile strength 
of concrete, 


» 
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Recent Conclusions in Highway Research, by A. T. Goldbeck ; 
Assoc. of State Hiehwey Officials, 1924, 
Public Roads, vy. 5, p. 9, Jan., 1925. 
Engineering and Contracting, v. 63, p. 457, March, 1925. 
rag Sand and Gravel Bull, v. 6, p. 19, Feb., 1925. 
Am. Highways, v. 4, p. 16, Jan., 1925. 
Concrete, v. 26, p. ‘91, March, 1925. 

Discusses subgrade, improvement of bed subgrade experiments in 
connection with road cone. stress measurements in concrete 
pavements, impact experiments on bridges, earth pressure 
on bridge abutments or retaining walls, investigations of char 
acteristics of aggregates suitable for concrete pavements, etc. 

Recent Deve ments in Construction of Cement-Concrete Roads, by H. E. 


Canadian Engineer, vy. 49, p. 366, Sept. 29, 1925. 

Beneficial effect of reinforcing, research of service conditions, ade 
quate treatment of sub-grade, use of tar paper, rapid setting 
cements, split slab construction, ete. 

Reinforcing and Subgrade Factors in Pavement Design, by J. T. Pauls; 
Public Roads, Oct., 1924, p. 1 
Concrete, vy. 26, p. 40, January, 1925. 

Conclusions of observations on Columbia Pike, and experimental 
road constructed by the U. S. Bureau of Public Roads near 
Arlington, Va., after 2% yr. service under traffic. 

Stress Measurements in Concrete Pavements, by A. T. Goldbeck ; 
Public Koads, vy. 5, p. 11, Ja 1925. 

Describes procedure and auouecetes for making stress measurements 
in concrete pavements. Conclusions of tests. 

Report of Investigation on Economic Value of Reinforcement in Concrete 

Roads, by C. A. Hogentogler ; 

Proc. 5th Annual Meeting Highway Research Board, 1926. 
Summary of conclusions published by Highway Research Board. 
Report of Tests on Concrete Block Made in Pittsburgh, Pa. ; 
Concrete Products, v. 28, p. 37, June, 1925. 

Effect of kind and grading of aggregate, mix, time of mixing and 
curing conditions on strength and absorption of concrete block. 
Results indicate sands of coarse grading produced greater 
strength; certain kinds of fine material in sand increases 
workability, thereby increasing strength; concrete fer tamped 
products should be mixed for at least 2 min. after adding 
water. — 

Effect of Size and ot af 7 of Test Specimen on Compressive Strength of 

Concrete, by H. Gonnerman ; 

Proc. A. 8. T. M., on 25, 1925. 
Bull. 16, Structural Materials Research Lab., Lewis Institution, Chi- 
cago. 

Compression tests at 7 days to 1 year on 1,755 cylinders, cubes 
and prisms in study of influence of size and shape of speci 
men on compressive strength. Tests covered wide range of 
mixes, consistencies, sizes and gradings of aggregate. 

“Analytical Properties of Set and Hardened Mortars,” by E. E. Butterfield ; 
Proc. A. 8S. T. M., v. 25, 1925. 
Prediction of 28-day Breaking Strengths of Mortars from Their 7-day 

Results, by Gowen, Leavitt and Evans; 

Maine Technology Exp. Sta., Bull. No. 10, 1925, 
“The Significance of the Common Test Methods for Determining the 

Strength of Mortars,” by Gowen and Leavitt; 

Proc. A. 8. T. M., v. 25, 1925. 
Comparison of Strength of Conerete in Tension and Compression, by N. M. 

Finkbinder ; 

Public Roads, v. 5, p. 14, Jan., 1925. 

Results of tension tests on 6 x 6-in. tension specimens and 6 x 12-in. 
compression cylinders indicate that compressive strength is 
about 11 times tensile strength. 

Decreased Strength of Concrete When Wet, by H. S. Mattimore; 
Proc. 4th Annual Meeting Highway Research Board, 1925, p. 130. 

Reviews tests of Van Ornum, Woodward and Young and Lagaard. 
Tabulation of strength tests by Minnesota Highway Depart- 


ment. 
Water Ratio Specification for Concrete, by McMillan and Walker ; 
Forthcoming Proc. Am. Soc. C. E., May, 1926. 
Significance of Talbot-Jones Rattler as Test for Concrete in Road Slabs, 
by H. H. Scofield ; 
Proc. 4th Annual Meeting Highway Research Board, 1925, p. 127. 
Reviews work of Abrams, Mattimore, Jackson, Goldbeck and others. 
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REINFORCED CONCRETE: 


Concrete Beams 
Tech. News ‘Bull. 98 U. Bureau of Standards, June, 1925. 
Results of 4. to shearing stresses of 172 reinforced-con- 
crete beams of I-section of web thickness from 2 to 12 in. 
Depth of beam 36 in. on span of 9% ft. or 52 in. on span of 
16 ft. Strength of concrete varied from 2,100 to about 5,400 
r sq. in. 
Studies of Bond Between Concrete and Steel, by D. A. Abrams; 
Proc. A. 8S. T. M., v. 25, Part II, 1925. 
Bull. 17, Structural Materials Research Lab., Lewis Institute, Chicago. 
735 pull-out tests on 1-in. plain round steel bars embedded in 8 x 8- 
n. concrete cylinders and 735 parallel compression tests on 
6 x 12-in. cylinders at ages of 7 days to 1 year. Concrete 
‘ covered wide range in size and grading of aggregate, quantity 
b of mixing water and cement. Hydrated lime and crude oil 
used as admixtures in a few tests. 


Part I[—Paprers AND REPORTS ON RESEARCHES CARRIED OUT IN 


FoREIGN COUNTRIES. 
CEMENT : 
Cement Research in Germany in 1923 and 1924, by H. Nitzsche ; 
Tonind. Ztg., No. 22, 1924. 
Latest Cement Research, by K. Endell ; 
Zementverlag, Charlottenburg, 1925. 
Report of Laboratory of Association of German Portland Cement Manufac- 
turers, by G. Haegermann ; 
Zement No. 26 and 27, a 2 and 9, 1925. 

Summary of investigations carried out through the year compris- 
ing tests of fused and alumina cements, effect of temperature, 
water glass admixtures, etc. 

Use of X-Ray in Cement Research, by R. Nacken: 
Zement No. 19 and 20, May 14 and 21, 1925. 
Presented at annual convention of German Portland Cement Mfr. 
vemmnen ~~ ty Petrography of Modern Portland Cement Clinker, by C. 
ehl : 


Zement, v. 14, p. 379, 397, 1925. 

By microscopical investigation of clinker it is ssible to draw 
conclusions as to firing, sintering, kind of kiln, cooling, infiu- 
ence of fluxes, chemical composition, and quality of cement 
made of that clinker. Best cements obtained by suddenly- 
cooled clinkers, where a complete crystallization of minerals 
is prevented and a storage of energy in the glass is reached 
which becomes effective in cooling. 

Processes Involved in Calcination of Raw Mix, , = W. Dyckerhoff » 
Zement, No. 10, p. 200, March 12, 1925. 

Investigations of Alumina Cement and Concrete, 1924, by H. Kreuger; 
Report No. 2, Royal Tech. School, Stockholm. 

Effect of Water and Salt Solutions of Alumina Cement, by Haegermann and 


art; 
Zement No. 10, March 12, 1925. 
Examinations of Cements High in Alumina, by — and Hassel ; 
Tids. Kemi. Bergvaesen, v. 4, p. 149, 193, 1924 
Mixtures of pure Ai:0s, SiO: and CaCos fused in electric furnace 
cooler, and ground to 15 per cent residue on 4,900-mesh sieve. 
Time of set and tensile ey compressive strength of tests 
of normal —_ mortars at 1 and 7 days. Effect of various 
composition of products ranging from 3-22 per cent SiO:, 37- 
63 per cent A- 25-49 per cent CaO on hydraulic properties, 
setting, hardening and strength. 
Setting of Cement, by H. Malgrain ; 
Rey. Mat. de Const. et Trav. Pub., v. 186, p. 57, v. 187, p. 91, 1925. 
Setting of cement considered as being due to hydration of each 

of its constituents and is expressed as a number of first order 
reactions. Variations of duration of set function of tempera- 
ture. Setting process divided into 3 stages. Tensile stren 
tests on cement show maximum strength at 3 mo. Lime lib- 
erated during setting. Amount of water combined with cement 
and eliminated by evaporation calculated, 
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Experiments on Setting of Cement, by J. Cartiaux; 
Rey. Mat. de Const. et Trav. Pub., v. 184, p. 1, 1925. 

Following influences studied: Free lime content, soluble salts, in- 
fluence of air, influence of CO:s, loss of weight. 

Ore Cement and Blast-Furnace Slag Cement in Sea Water, by C. Priissing ; 
Zement, v. 13, p. 319, 1924. 

After 20-yr. immersion in sea water ore-cement pats were sound, 
while pats of blast-furnace slag cement and iron portland 
cement developed networks of fine cracks during 10-yr. immer- 
sions. Ore cement is most resistant building material to action 
of sea water over long periods of time. 

Magnesia Portland Cement, by K. Balthasar ; 
Tonind. Zrg., No. 19, Mar. 7, 1925. 
Rock Products, v. 28, No. 10, p. 50, 1925. 
Satisfactory portland cement containing 9 per cent mgO manu- 
factured in vertical kiln by heating at clinkering temperature 
9 longer than usual for ordinary portland cement. 
Leffect of Storage on Slag Cement, by R. Griin; 
Tonind. Ztg., No. 1, 1925. 

Comparison of data on effect of storage of slag cement with that 
of portland cement. 

Behavior of Alkalies in Cement During Water Storage of Cement and Ce 
ment Mortar Bodies, by V. Rodt ; 
Zement, v. 13, p. 470, 4 

Cement and mortar briquets stored in tap water and lime sugar 
solutions; sugar delays set and accounts for increased alkali 
liberated from cement when stored in this solution. 

Rapid Hardening Slag Cement, by Prevost ; 
Concrete, v. 26, p. 172, 1925. 

Cement consisting of finely-ground mixture of 80 per cent granu- 
lated blast furnace slag and 20 per cent hydrated lime 
begins to set in 4 hr. and gives concrete of higher strengths 
than rtland cement at ages up to 3 mo. 

Rapid Hardening Ferrocrete Portland Cement, by O. Faber; 
Pamphlet by Cement Marketing Co., Ltd. (London), 1925. 
Abstract, Concrete and Const. Eng., v. 19, p. 747, Dec. 1924 and v. 20, 

p. 5, Jan., 1925. 

Abstract, Concrete, v. 26, p. 130, April, 1925. 
Rock Products, v. 28, p. 63, Aug. 8, 1925. 

Practical strength tests of ferrocrete. Load and deflection tests 
on beams of ordinary and rapid hardening portland cement at 
2 days to 3 mo. 

Early Strength Tests, by C. Priissing ; 

Proc. German Portland Cement Mfr., p. 100, 1924. 
High Strength Cements, by O. Graf; 

Zeits, Ver. Deutscher Ing., No. 33, Aug. 16, 1924. 
High Strength Cements, by Gehler; 

Proc. German Portland Cement Mfr., p. 35, 1924. 

Tests at Dresden laboratory showing strength relations of ordinary 
portland, high-strength portland and special cements. 

Compressive Strength of Cement Mortar, Concrete, Reinforced Concrete, 
Masonry, by O. Graf; 
Konrad Witwer, Stuttgart, 1921. 
Use of High Strength and Ordinary Portiand Cement for Plain and Rein 
forced Concrete, by E. Probst; 
Zement, March 12, 1925. 

Relative merits of special high-strength cement and portland ce- 

ment when used in plain and reinforced concrete. 


PLAIN CONCRETE : 


Agencies Affecting Concrete, by Dr. A. Kleinlogel; 
Published by Ernst & Son, Berlin, 1925. 

Chemical, mechanical and other agencies such as air, water, acids, 
bases, oils, vapors, soils, storage, etc., affecting cement, mortar, 
concrete and reinforced concrete and methods for reducing or 
eliminating their effect. 

Effect of Powdered Admixtures in Cement, by R. Feret; 
Rev. Mat. de Const, et Trav. Pub., No. 177-192, 1922-1925. 
Calcium Chloride as an Agent for Protecting Cement and Concrete Work 
from Destruction by Frost, by A. Troche; 
Zement, v. 13, p. 266, 1924. 

Ten to 15 per cent anhydrous calcium chloride to 1:1 sand-cement 
mixes lowers freezing point 5 and 10 deg. respectively. Mixes 
do not set for at least 1 hour. Spots on mortars are not true 
efflorescence. Mortars containing calcium chloride do not show 
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lower crushing strength after storage in dry air as when stored 
in moist air. 
Use of Calcium Chloride in Cement and Concrete as Protection Against Cold, 
by R. V. Frost; 
Published by State Testing Laboratory, Stockholm, 1924. 
Effect of Magnesium Sulphate on Mortar and Concrete, by L. Zimmermann ; 
Proc. German Portland Cement Mfr., p. 195, 1924. 
Zement No. 16 to iv, 124. 
Action of Sugar on Properties of Portland Cement Mortars, by C. Tsountas ; 
Rev. Mat. de Const. et Tray. Pub., v. 182, p. 281, 1924. 

Addition of small quantities of sugar to portland cement mortars 
decreases time of set and lowers strength of mortar. Assumes 
that hydrated lime set free during decomposition of tricalcium 
silicate, on addition of water combines with sugar to form 
saccharates of lime. 

Tests to Determine Resistance of Concrete Specimens With and Without 

Trass, by O. Graf; 

Deutscher Ausschuss fiir Kisenbeton, No. 43, Ernst & Son, Berlin, 1920. 
Can Trass be Replaced by Other Admixtures? by H. Burchartz ; 

Zement No. 15 and 16, Apr. 16 and 23, 19265. 
Questions Concerning Concrete in Sea Water, by O. Gassner ; 

Zement, No. 21 to 25, 1924. 
Tests on Behavior of Mortar and Concrete in Bogs, by M. Gary; 

Deutscher Ausschuss fiir Eisenbeton, No. 49, Ernst & Son, Berlin, 1922. 
Investigations to Determine Causes of Deterioration in Structures Exposed 

to Water, by O. Graf; 

Beton u. Eisen, No. 4, Wisen, No. 4, Feb. 20, 1925. 
Experimental Investigations on Coefficient of Elasticity of Concrete, by G. 

Magnel ; 

Rev. Univ. des Mines, v. 67, p. 38, Jan., 1924. 

Resistance increased with concrete between 3 mo. and 1 yr. and 
during same time coefficient of elasticity remains practically 
constant; permanent deformation under same load less at 
year than at 5 mo. 

Modulus of Elasticity of Concrete in Compression, by W. D. Womersley ; 
Concrete and Constr. Eng., v. 19, p. 553, Sept., 1924. 

Tests on cylinders 2 ft. in diameter and 4 ft. long; 4-in. cubes; 

3 in, diameter tension specimens of 1: 2:4 concrete at 90 days. 
Modulus of Elasticity of “Spun Concrete in Tension; 
Concrete & Constr. Eng., v. 19, p. 709, Nov., 1924, 

Tests on Concrete poles 6 ft. long, 4 in. internal diameter and 6 in. 
external diameter. ‘Transverse, compression and tensile tests 
made and results of tests tabulated. 

Investigation of Relation of Compressive Strength of Cement to Concrete 

Strength, by H. Kreuger ; 

Report No. 1, Royal Tech. School, Stockholm. 
Zement, No. 47, 48, 49 and 50, Nov. 27 to Dee. 18, 1924. 
Tamped vs. Poured Concrete, A Study of Density, by R. Otzen; 
Bauingenieur, No, 16, 1925. 
Effect of Sand and Water Content on Consistency and Strength of Concrete, 
A. Hummel; 
Bauingenieur, v. 5, p. 817, Dec, 25, 1924, 

Tests at Karlsruhe Technical High School on 1:6 concrete with 
increasing sand content but same water content and how to 
vary addition of water to maintain equal plastic consistency. 

Effect of Grading and Silt Content of Sand on Concrete Strength, by H. 

Nitzsche ; 

Beton u. Hisen, No. 15, p. 195, 123, 
Strength of Concrete for Variable Sand Content of Aggregate in Dry, Moist 

and Fluid Concrete, by M. Gary: 

Deutscher Ausschuss fiir Eisenbeton, No. 51, Ernst & Son, Berlin, 1922. 

Composition of Mortar in Concrete, by O. Graf; 
ublished by Julius Springer, 1923. 

Hair Cracks on Concrete: Their Causes and Remedy ; 

Ferro Concrete, v. 16, p. 96, Nov., 1924. 

Theories as to cause in concrete and stucco surfaces. 
Recommends proper curing and elimination as far as possible 
of rich surface film, This elimination may be secured by bet- 
ter selection of aggregates, less trowelling, then wherever pos- 
sible, rubbing, trowelling or washing surface. 

Investigations and Tests of Permeability of Mortar and Concrete, by O. Graf; 
Bauingenieur, No. 8, 1923. 
Testing Permeability to Water of Mortars, Brick Stone, by F. Anstett ; 
Rev. Mat. de Const. et Trav. Pub., v. 153, p. 309, 1924. 
Tissier apparatus for this purpose described. 
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Report on Quantities of Materials for Concrete Mixtures, by H. Kreuger ; 
money ie. 3, Royal Tech. High School, Mat. Testing Lab., Stockholm, 


Investigations to Determine More nega Proportioning of Hydraulic mor- 
tar and Concrete, by, R. Feret 
Rev. l’Ingenieur, Sept., 1923. 
Rational a of ‘Concrete and Predetermination of Compressive 
Strength in the Field, by O. Graf; 
Gesundheits-Ingenieur, No. 2 , 1923. 
Volume Changes, Strength and Watertightness of Concrete Made from Port- 
land Cement and High-Strength Alumina Cement, by A. Hummel ; 
Bauingenieur, No. 5, 1924. 
Further Son of Volume Changes of Concrete During Setting, by 
ra 


Beton, u. Eisen p. 172, 1922. 
Temperature Variations and — Movements in Stone and Con- 
erete Bridges, by F. Vo 
Published by rnst & sia, Berlin, 1925. 


REINFORCED CONCRETE: 


Reinforced-Concrete Beams in Bending and Shear, by O. Faber ; 
Published by Concrete Publications, Ltd., London, 1925. 
Tests of Restrained Reinforced-Concrete Beams, by Bach and Graf ‘ 
Deutscher Ausschuss fiir Eisenbeton, No. 45, Ernst & Son, Berlin, 1920. 
Shearing Strength of Reinforced- Conerete Beams in Flexure, by O. Hausen ; 
Beton u. Eisen, No. 18, Sept. 20, 1924. 
Formulas and Computations. Highly mathematical discussion. 
Tests of Reinforced-Concrete Beams to Determine Resistance of Various 
Reinforcement Against Shearing Forces, by Bach and Graf; 
Deutscher Ausschuss fiir Eisenbeton, No. 48, Ernst & Son, Berlin, 1921. 
Torsion Tests to Determine Shearing Resistance of Reinforced Concrete, by 
Graf and Mérsch ; 
Published by Sprin er, Berlin, 1922. 
Steel in Concrete with Slag Cement, by M. Gary; 
Tests on Bond Resistance of Galvanized Steel in Concrete, by F. Schmeer ; 
Deutscher Ausschuss fiir Eisenneton, No. 47, Ernst & Son, Berlin, 1920. 
Tests of Bond Resistance in Reinforced-Concrete Beams, by W. A. Slater; 
Engineering News-Record, v. 94, p. 1050, June 25, 1925. 

Experiments by Bach and Graf give valuable information for de- 
sign of reinforcing bars. Johnson, diamond, lug, cup, round 
and “wave” bars tested. Load applied at % points of 11.8-in. 
square beams, 7 ft. 1.04-in. long on span of 6 ft. 7.8-in. 1:2:4 
concrete used. 

Tests of Reinforced-Concrete Slabs Supported on Two Sides Under Concen- 
trated Loading, by Cc. Bach and O. Graf 
Deutscher Ausschuss fiir Eisenbeton, Ernst & Son, Berlin, Part 1, No. 
44, 1920; Part 2, No. 52, 1923. 
Stress Measurements in Fiat Slabs, by Probst and Butzer; 
Bauingenieur, No. 6, 1925. 
Wind and x putresses in Design of Tall Reinforced-Concrete Chimneys, 
Doring ; 
Published by Ernst & Son, Berlin, 1925. 
Review of methods of design in view of original tests. 
Testing of Beams and Cubes in Control Tests, by W. Petry; 
Deutscher Ausschuss fiir Eisenbeton, No. 50, Ernst & Son, Berlin, 1922 
Load and Fire Test of Reinforced-Concrete Warehouse in Wetzlar, by M. 


ary; 
Deutscher Ausschuss fiir Eisenbeton, No. 46, Ernst & Son, Berlin, 1920. 
Tests with Slab Beams to Determine Influence of Repeated Load, Weather 
and Smoke Gases, by Amos; 
Deutscher Ausschuss fiir Risenbeton, Ernst & Son, Berlin, Part 1, 
No. 53, 1924; Part 2, No. 54, 1925. 
Investigation of Effect of Repeated Seeding ." Elasticity and Strength of 
Plain and Reinfor Concrete, by E. Probst; 
noe nee. Pub., Centennial Celebration Tech Hochschule, Karlsruhe, 


New Official Specifications for Reinforced Concrete; 
Published by Ernst & Son, Berlin, 1925. 
Ineluding (A) Reinforced-Concrete Construction, (B) Tile and Joist 
Floors, (C) Plain Concrete Construction, (D) Field Tests. 
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AMERICAN CONCRETE INSTITUTE 
BUSINESS REPORTS 


ANNUAL REPORT OF THE BOARD OF DIRECTION TO THE MEMBERS 
OF THE AMERICAN CONCRETE INSTITUTE—APRIL 1, 1926. 
This volume 22 of the PRECEEDINGS is the best report of the technical 


work of the organization. That this work is having a constantly increasing 
appreciation is evidenced in the growth of membership: 


ee Oe OD oo 6c 64205 daes Membership............ 428 
Mh WE dan aiea ck keen Membership.........-... 627 
wae 4; See ee i Membership............ 806 
wee. 3, SOOe (28s Membership............ 981 
Pom 8, 2688 ......akuk Membership............ 1,161 
We hy TORS isis 62.35. Membership............ 1,425 
Pee ETHOS! os ss Sidsxicn pO ee eee 1,774 


—not a spectacular growth,—a consistent, steady climb. 


In February 139 new members were added; in March 44. Losses by 
resignation bring the total April 1 to 1,944. 

July 1, 1925, we had 1,426 active members and 110 supporting mem- 
bers (following losses in May and June when delinquents were dropped 
from the roll). 

The budget for the fiscal year July 1, 1925, to June 30, 1926, was 
based on 1,700 active members and 125 supporting members—less an esti- 
mated loss of 10 per cent by resignation and delinquency. (10 per cent is 
normal loss. ) 

April 1, 1926, the membership of the Institute is 1,828 active and 
116 supporting. 

Against this, costs have exceeded estimates for preprints and other 
printing. 

The present situation will be covered by proper audit in July, 1926, 
following the close of the present fiscal year. 

Appended is the report of the Meissner Audit Company for the fiscal 
year ended June 30, 1925. It shows an abnormal expenditure for Psro- 
CEEDINGS—nearly all of the expense for Volumes 20 and 2] having been 
paid in the fiscal year covered by the report because Volume 20 was not 
issued until after the close of the fiscal year in which it belonged. 


(711) 











712 Revorr OF THE Board oF DIRECTION. 


A brief statement then of the financial situation June 30, 1925, as 
compared with June 30, 1924, is as follows: 


June 30, 1924, we had Cash in Bank ......... Sines gas <p evi. | ee 
I 7,500.00 
ns cy c's ont Ove 300.00 


$10,335.00 


Against that Unpaid Bills for Vol. 20 Proceedings ............ 5,928.37 


Leaving a Cash Surplus of ....................... ..+. $4,406.63 
June 30, 1925, we had Cash in Bank ........................ $745.00 
BR NE SAN asi vipa wale Sis sin w sa seh 65 0 vrei Keele alee as 4,500.00 
See Ma RD ais, are awh 'SUWe ode dices Uae eh U 300.00 


$5,545.00 


is De Cay eee PA, PESTO. None 


An Increase in Cash Surplus of .............. Lee FF eg 


MEISSNER AUDIT COMPANY 
Derroit, MICH. 


Derroir, Micu., August 21, 1925. 
Mr. Harvey Whipple, Treasurer, 
American Concrete Institute, 


1807 East Grand Boulevard, 
Detroit, Michigan. 


DEAR Sir: 


In accordance with your request we have Aucited the Cash Received 
and Disbursed from July 1, 1924, to June 30, 1925, as shown by your 
Books, and have found that all Cash reported received has been properly 
deposited in the National Bank of Commerce of this City, also that all 
Disbursements are represented by proper Vouchers. 

The Bank Account has been verified and agrees with Statement sup- 
plied by your Bank. 

No attempt has been made to verify Cash Receipts reported, with 
your membership. 

Thanking you for the courtesy and assistance given us during the 
course of our Audit, 

Yours respectfully, 
MEISSNER AUDIT COMPANY, 


J. W. MEISSNER. 
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AMERICAN CONCRETE INSTITUTE. 
BALANCE SHEET. 
June 30, 1925. 


ASSETS, 

Cash: { 
SN oo 5's ss on bhbaaiunt es Bae nnn S oni $300.00 i} 
PeeWee ss ckvedeecncssadeeeeeveeteur 745.60 | 

We, . «ond: ideas tviebhies imu $1,045.60 i 
U. 8S. 4% Per Cent Treasury Certificates ................ 4,500.00 


Accounts Receivable: 
Active Members (161 @ $10.00 and 1 @ $6.00) $1,616.00 
Contributing Members (2 @ $50.00) ........ 100.00 
Miscellaneous 


idnid has CaN aba na ed anweae 777.53 
Total Accounts Receivable ............+02+se0eee0e: 2,493.53 
Inventories : | 
408—1914-15 Journals @ 10 cents each ........ $40.80 i 
409—1905 to 1919 Proceedings @ 50 cents each 204.50 
589—1919 to 1923 Proceedings @ $1.00 each... 589.00 } 
122—1924 Proceedings @ $3.50 each ......... 427.00 
Tobad Tavenborses . . .. ss 5. 0cei yp neste ses 64368805004" 1,261.30 
seis lecbldiload { 
TORO Bs nin ad one indeeass shanks hs neste $9,300.43 | 
| 
LIABILITIES, i 
Deferred: 
tg Ee re 2 reese ees $150.00 
Reserve: 
For Loss Due to Delinquent Members ......... 1,700.00 
Surplus: 
Deposited by Members ............ccscceccees 7,450.43 


TOE EAROND 6 ckcideeaes ven seU Rade paleaedes $9,300.43 


ETERS TES SACRA IASI OE A OO 
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AMERICAN CONCRETE INSTITUTE. 
RECEIPTS AND DISBURSEMENTS. 
July 1, 1924, to June 30, 1925. 


Cash on Hand, July 1, 1924 


RECEIPTS. 
ce aeeceecce $13,563.50 
SES SELLS a 5,310.00 
ene 6 5 esis ss bare 0's ae cee ecas 2,910.09 
NN SEENON Soa 5s o:. 5s ewes su dou tiawnss) od 1,191.38 
ciated wy argc ss Ciw'éin o> se cso 9 6-0 478.91] 
Ws: eS OOMMEY CUFUIMCOEER 6 cece ces cece 3,000.00 

ND ME ae sinter at baa cad eee > RG, « Kreis caspryelereooles storia vie 
DISBURSEMENTS. 
COON Tt 8M iw ine n't 3 9 62 0fhxe Bowes dele GBoplees $1,140.03 
PROMINS. OG DAG © 2. < ada carbine S10 Bwyd ctewsidle a .30 
Membership, National Fire Protection Association. . 60.00 
PE ILO he Fes hey k's 0 + Rabie ia dicks cals oe ete 45.00 
ISIS ee 50.00 
de aN se ome es.er's satelite 54.59 
EIR SSS a gy es rr 4,209.21 
REET RE RDSRS CR SS OC 369.04 
RCL Me chek bd ooh 6 4.c's cane sta eee seeewee 816.63 
Printing, Multigraphing, Ete. .................... 3,101.52 
i es ay a ap I 3 aah oe Pa 11,402.03 
I eras tiie as oss cs CODES ae ln tc kane ee 379.92 
BREE 9 oT ieee RE TE Ce IRS ar he Een 6,327.90 
ES ES nica e sc cea et c's kim ele g Uda 6s 008 ba: 343.20 
$28,299.37 
I So's ad ve egies bocce vies es 56.09 
ON EE Sn aay ee 
Ce ees ee UO RON Se pe peic encase 


$ 





$2,53% 


-00 


to 
on 
oC 


26,453.88 


28,988.88 


28,243.28 


$745.60 








stabi 








RevorT OF THE BOARD OF DIRECTION. 715 
AMERICAN CONCRETE INSTITUTE. 
BANK RECONCILIATION. 
June 30, 1925. 
NS — Fin Det TOGO oaks: «5s cena d Samid Sins b daweledndie «st $745.60 
Add—Checks Outstanding: 

eet SOG oe BS ets cree ge $100.00 
RS IED! pl aiyd ots, 9 840.40 HiRes Seen Cees 221.00 
OO Pads. didi e VE dakh 1408 thew nine 8.88 
mrener BOGS oc U. eed Lo ius Senlsan 9.39 
emenee Bees eS ee PS, Fe ee ER 300.00 
eer re oe Be 4,314.60 
SE SD 86s Sclnaninaes cok dd Vn mks cheba Pi ce 31.69 
preer BOG so oS. iitrued sais swale bus cb ebanis 16.50 
meer. BOGS. esas Sd ee aS at 358.30 

Dotel Outatenaing CRE 5 slosh: 055+ 00s eandebers on 5,360.46 

Balance in Bank, June 30, 1925 .................... $6,106.06 
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